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OF THE TOTAL COST OF TRAINING PH.D.’S WAS ESTIMATED. IN 
ADDITION, OPPORTUNITY COSTS, COSTS OF UTILIZING PHYSICAL 

facilities, and the indirect or supplemental cost elements 

WERE estimated. TABLES OF MEASURABLE RELATIVE RATES OF RETURI 
TO graduate education were constructed, while the relative 
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CHAHER I 
INTRODUCTION 



The costs of different types and levels of education, as well as the returns 
from educational expenditures, are receiving a growing amount of attention from 
economists, school administrators, and policy makers. A number of economists 
have turned to estimating the costs of different levels of education, and have 
used the available data on earnings by age and education to produce rate of re- 
turn calculations. Such calculations indicate that the returns to educational 



investment are uneven with respect to different levels or segments of education. 
Thus an interest has been developed in trends of the rates of return over suc- 
cessive increments of educational attainment. 



This report describes the analytic framework and findings of a study on 
costs and returns of graduate education. It differs from other economic studies 
on costs and returns of education in that it focuses exclusively on the graduate 
J.evel of education, and more specifically, on doctoral progriims in four disci- 
plines. Moreover, an attempt is made in this study to calculate separate rates 
of return for different employment possibilities that avail themselves to doc- 
torate holders in these four disciplines. 

The present study was undertaken with the assumption that estimates of the 
training cost of Ph.D.’s and also the estimates of returns on investment in 
graduate study are needed for the pursuit of policy objectives at the state, 
regional, and federal level and also at the levei of private educational founda- 
tions. It was presumed that a society which allocates a sizable and growing 
volume of public and private resources to graduate education is bound to gen- 
erate an increasing demand for this type of information. Up till now decisions 
made within the educational system were based on very limited and extremely 
crude information on the costs and returns of doctoral programs. Inasmuch 
as the study here reported is of an exploratory nature, its findings are also 
limited in scope and validity. However, though the information compiled and 
presented constitutes a first approximation, it makes possible the provisional 
delimitation of ranges of costs and returns for graduate education in four 
selected disciplines. 



In this study investment In graduate education is viewed as human capital 
formation. Moreover, graduate departments of a university are viewed as 
enterprises analogous to business firms, engaged in combining various inputs 
to produce multiple products. The real inputs to be considered consist of 
goods such as; buildings, supplies, equipment, and library materials; as 
well as of services such as those supplied by students, teachers, and ad- 
ministrative and clerical personnel. Inasmuch as interest is focused on the 
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total social cost of Ph.Di's, rather than on the consumers' cost or the sup- 
pliers’ cost, the relevant financial inputs include expenditures financed hy 
the institution, as well as those financed through subsidies from outside 
sources. 

Identical inputs are employed by a university department to produce a 
^^^li'iplicity of services including, undergraduate training, graduate training, 
production of new knowledge, selection and encouragement of potential talent, 
and recruitment and instruction of potential teachers. Inasmuch as joint pro- 
duction is basic to the productive processes carried out by university depart- 
ments, one of the major tasks of this study is the identification, allocation, 
and measurement of all costs that enter into graduate training per se. In the 
analysis of the graduate training function of a department annual output will 
be measured in units of graduate student credit hours produced. Thus the 

analysis of the cost of training Ph.D.'s constitutes the first part of this 
study . 

The cost analysis of investment in graduate education is followed by an 
, examination of the investment returns. The rate of return analysis addresses 
itself to questions of efficiency in resource allocation with respect to com- 
peting uses . On the assumption that a person' s productive contribution to 
output is reflected by his earned salary, rates of return calculated for 
individual professions presumably indicate the relative contribution to the 
econonQT resulting from graduate education in one discipline as compared with 
others, as well as the contribution of graduate education relative to that 
of other types and levels of education. In this study, the rates of return 
to the investment in four types of Ph.D.'s will be ranked and compared to 
rates of return estimated for prior levels of education. 

I This study concentrates entirely on the social rate of return, which 

differs from the private rate in that it is based on total social costs of 
Ij education and the before-tax net earnings differentials associated with 

& education, in contrast to the private rate which is calculated with respect 

to private costs and after-tax earnings differentials. Whereas the private 
rate of return can be a basis for individual decision making in regard to 
choice of profession involving a Ph.D. degree, the social rate of return may 
be considered relevant to the clarification and possible modification of 
aspects of educational policy. Information on the social yield of educa- 
tional investment may contribute objectivity to consideration of such issues 
as the following: 

(l) Should more or less resources be allocated to graduate education 
relative to other forms of education, such as high scn.'ol, college, 
or vocational training, or relative to other noneducational forms 
of investment. 
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(2) Given the allocation of additional resources to graduate education ^ 

is considered desirable, hov should these be financed, and vhere I 

are these resources likely to result in highest yields. I 



(5) Assuming that federal and state appropriations for graduate educa- 
tion are to remain constant, can increased economic benefits be 
derived from a redistribution of funds between different areas of 
inve s t igat ion . 

The above are merely illustrations of the type of issues faced by decision makers 
in the realm of educational policy. There are numerous other issues related 
to problems of resource allocation in education. 

The argument -that social yields of educational investments are relevant 
to policy decisions, should not be misconstrued as a belief that economic 
considerations alone are or should be the overruling determinants of resource 
allocation to education. Potentially education has other than economic impacts 
on a society, and these extra -economic effects may be equally or even more im- 
portant than the maximization of net national, product. Nevertheless, the role 
of noneconomic factors need not be wc^akened or overshadowed by recognition of 
the economic implications of education. 

Some parts of this study draw on concepts and procedures developed in 
several other studies. The association between this study and related In- 
quiries will be pointed out in the appropriate sections of this report. At 
this point a very t.. ief review of related literature will be presented. Re- 
cent efforts of economists in the area of education may be grouped into three 
types of inquiries; 

1. Development of a conceptual framework and of estimating procedures 
for an analysis of investment in education. T. W. Schultz con- 
tributed a number of pioneering studies in this area comprising 
the measurement of resources entering into the different levels 

of education, the measurement of the stock of capabilities devel- 
oped by education, and measui'ement of the rates of return.* 

2. Analytical studies attempting to identify and measure a variety 
of returns from educational investment. Becker, Hansen, and 
Weisbrod have been the leading contributors to analysis of re- 



T. W. Schultz, "Capital Formation by Education," Journal of Political Economy , 
December, i960, and "Education and Economic Growth," Social Forces Influencing 
American Education, 196I; Fritz Machlup, Production and Distribution of Know - 
ledge in the United States, 1962. 
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turns and benefits.* 

3. Attempts have been made to refine the rate of return approach by 

correcting for ability as veil as for a number of other factors vhich 
influence both education and income. This type of approach has 
stimulated multiple correlation studies of income determining vari- 
ables and studies conducted along these lines have explicitly recog- 
nized the intercorrelation betveen education and other income-de- 
termining variables. These studies after having adjusted for such 
variables as differential abilities and endovment suggest that educa- 
tion is substantially even if not totally responsible for net earn- 
ings differentials betveen the more and the less educated.** 

Previous economic studies on tne social cost of pregraduate levels of educa- 
tion addressed themselves to the calculation of an annual average cost per stu- 
dent derived from broad aggregate educational expenditures . The gathering of 
data from individual educational institutions vas not required for estimates 
of this type. Hovever, the problems of measuring per student costs of graduate 
education are more complicated for tvo main reasons. Graduate education is 
closely interrelated vith undergraduate training and elaborate procedures are 
needed to separate the graduate cost of those inputs Jointly used for graduate 
and undergraduate programs. Furthermore, there are good reasons for presum- 
ing that the costs of doctoral programs vary significantly betveen fields of 
study. Since it is attempted in this study to calculate comparative rates of 
return to the investment in Ph.D.'s in four fields of study, it is necessary 
to determine the differences in the cost of training Ph.D.'s in these four 
disciplines. It is clear that such differences can be assessed only on the 
basis of intensive cost analyses of these four doctoral programs as offered 
in a sample of centers of graduate education. 



*Gary S. Becker, "Underinvestment in College Education," American Economic 
Re vie V , May, 196O; Human Capit al, Nev York, 19^ i W. Lee Hansen, "Total and 
Private Rates of Return to In .estment in Schooling," Journal of Political 
Economy , April, 19^3; Burton A. Weisbrod, "Education and Investment in Human 
Capital," Journal of P olitical Economy, October, 19^2, External Benefits of 
Public Education, Princeton, 1964, Weisbrod and Swift, William J., "On the 
Monetary Value of Education's Intergeneration Effects," Journal of Political 
Economy , December, 1965* 

Harvey E. P'razer and Martin David, "Social and Economic Determinants of the 
Demand for E(3ucation," in The Economics of Higher Education , Selma Mushkin, 
ed., Washington, D.C., I962; James tforgan and M. David, "Education and 
Income," Quarterly Journal of Economics, August, I965; Gary S. Becker, Human 
Capital. Da el Wolfle, America' s Resources of Spe cialized Talent , Nev York, 
1954^ Shane J. Hunt, "income Determinants for College Graduates and the Re- 
turn to Educational Investment, Yale Economic Essays, 1964. 
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It is known that institutions of higher education make use of different, 
concepts^ terminology, analytic procedures, and accounting systems in their 
recording and analyses of operations for internal purposes. It is therefore 
not feasible to make interinstitutional comparisons of costs as calculated 
with procedures peculiar to each individual institution. In this study, 
uniform concepts, methods, and procedures were applied to raw data gathered 
on variables basic to the doctoral programs in each of the four disciplines. 

One purpose of the study to be reported is to determine • the feasibility 
of identifying and measuring the costs of training Ph.D.’s in four disciplines. 
It was necessary to consider whether the information, which is essential to 
this type of a cost analysis was always retrievable despite the wide variation 
in existing record-keeping practices of universities. The survey for this 
study included twelve institut5.ons comprising universities that are known to 
have relatively elaborate records for financial analysis, universities that 
are known to have average quality records, and institutions with a reputation 
for having neglected the recording of types of information required for this 
study. It was hoped that the inclusion of universities which to date had 
placed different degrees of emphasis on the recording and analysis of their 
operations, would make it possible to test the feasibility of collecting the 
required data under the most favorable as well as under the least favorable 
circumstances. 

Objectives other than determining the feasibility of obtaining the re- 
quired data on the cost of doctoral programs include the following; 

(1) To present estimates of the total cost and of component costs of 
graduate training in four disciplines for twelve universities. 

(2) To carry out statistical analyses on the cost calculations in order 
to determine some of the factors responsible for variation of the 
average cost per Ph.D. wyihin and between disciplines. 

y 

/ 

(3) To present estimates of the average opportunity cost of a Ph.D. 
in each of the four disciplines and to compare the opportunity 
costs of graduate education with previously estimated opportunity 
costs of prior levels of education. 



(4) To estimate rates of return to the investment in four different 
Ph.D. programs, as well as comparative rates of return for different 
types of employment chosen by Ph.D.’s in a given discipline,, 

(5) To compare the rates of return estimated in this study with rates 
of return computed by other economists for preceding levels of 
education. 
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This list of objectives indicates that a major portion of the study focuses 
on the development of concepts, data gathering methods, and data analyses requi- 
site to the derivation of cost estimates. Thus a major jjortion of this report 
also concentrates on the nature of the cost estimates which are implicit in the 
subsequent rate of return analysis. 
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CHAPTER II 



THE SAMPLING AND FjROCEDUHES OF THE STUDY 



.• ^ 

The first portion of this study concerns itself "with the estimation of 
total socia.1 costs of training Ph.D's in several different subject areas, 
namely, the physical sciences, biological sciences, social sciences, and the 
humanities. These four different subject areas were included in the study 
in order to explore the range of interdisciplinary variability in the cost 
of graduate education. One academic field within each subject area was then 
selected for cost analysis, and the choice of four disciplines was based on 
the following criteria: 



(1) It was necessary that at least twelve universities offer Ph.D. 
programs in the four selected disciplines. 



( 2 ) 



Doctoral programs of the four disciplines in each of the twelve 
institutions had to be offered by departments under the auspices 
of the same college or school of the university. For example, 
if only six academic physiology departments exist in the entire 
country, while Ph.D. degrees in physiology are ayarded by medical 
schools of other institutions, then physiology could not be included 
in the study. This criterion was dictated by the complications of 
data -gathering and by the lack of uniformity in the academic cal- 
endar, academic requirements, and in the crediting and accounting 
procedures of graduate and professional schools of the same univer- 
sity. 



( 3 ) 



Selection was aimed at disciplines which lend themselves to clear 
and uniform definition, avoiding disciplines in which different 
departments tended towards strikiigly different orientations. 



On the basis of these criteria Physics, Zoology,* Sociology and English were 
chosen to represent the four broader subject areas mentioned above. 

’i 



To gather the required information site visits were made to a sample of 
twelve universities and the following represent major factors which entered 
into selection of the sample: 



In four out of the txfelve universities included in the study the Ph.D. degree 
in Zoology was offered in a department of Biological Sciences. In those in- 
stances the Zoology program did not constitute a separate entity and therefore 
the entire department of Biological Sciences was surveyed. 
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1. geographical distrihation 

2. variation in size 

5. type of control, i.e., public vs. pri\nate 

4. inclusion of institutions with a reputation for relatively good, 
mediocre, and less adequate record keeping practices and financial 
analysis. 

For two reasons it was considered desirable to gather data from a hetero- 
geneous sample of universities. Since one of the objectives of the study is 
to determine the feasibility of obtaining all essential data for calculations 
of graduate training costs by discipline it was necessary to include institutions 
which employ accounting systems of varying comprehensiveness. Furthermore, it 
was felt that in order to make the estimates of average total costs of training 
Ph.D’s as representative as possible for the graduate training programs of a 
given discipline, the data on which the estimates are based should be gathered 
from a group of departments of considerable heterogeneity. Along with varia- 
tion in the four above criteria which governed selection of the sample, par- 
ticipating institutions and departments are also diverse with respect to avail- 
able indices of quality.* 




At an early stage of the study a sample of twelve universities was selected 
in accordance with above criteria and letters were sent soliciting their co- 
operation. Five schools in the initial group declined to participate in the 
study. An inquiry was then made to determine how many of the remaining eligible 
universities who offer Ph.D. degrees in all four disciplines, would be willing 
to participate in the study. Of the thirty-three institutions contacted twelve 
accepted, fourteen declined, and seven failed to reply. In total, forty-five 
universities were approached, of which nineteen accepted, nineteen declined, 
and seven failed to respond. 






The final sample consists of seven public and five private universities, 
four of which are in the East, six in the Midwest, and two in the West. Mainly 
for the following reasons one of the participating universities was later omitted 
from the study: the fulfillment of degree requirements with respect to the 

earning of credit hom*s by graduate students was so different from all other 
Included universities that a comparable curriculum analysis could not be carried 
out; also at this university one of the four departments failed to return any 
of the distributed faculty time distribution questionnaires. The data gathered 
at this university were excluded from all tables and all the estimates and 
average figures piresented in this report aie based on eleven observacions for 
each discipline. 






A recent inde*;x was compiled during 1964; Allan M,. Cartter, An Assessment 
of Quality in Graduate Education, American Council on Education, Washington, 
D. C., 1966. ” 
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The follovlng co8t.s were considered to he besic in deteraining the total 
cost of graduate education: 

1. Instructional costs consisting of: 

(a) graduate faculty salaries 

(b) staff benefits 

(c) departiaental supplies, equipment, and clerical costs 

2, Research costs, derived partially from expenditures for sponsored 
research projects conducted by graduate faculty 

5. Costs of physical facilities 

k. Administrative costs. Including both general university and de- 
partmental administration 
Library costs 

6. Opportunity costs 

These six items represent the major elements of the cost of graduate education. 
Additional costs may be identified, such as the cost of books purchased by 
students, the cost of computer time used for graduate student research and 
dissertations, the cost of typing dissertations, ti*avel, etc. These expendi- 
tures were explicitly omitted from the present study, partly because they are 
relatively small, but mainly because the information would have to be obtained 
from individual students, whiJe students were not contacted fo>* any other part 
of the study. 

Site visits were made to all participating universities to gather data per- 
taining to the six items above for the year 19614--65. Essentially three basic 
categories of information were compiled: 

1. Student Data : All available information on a sample of 20-25 most re- 

cent Ph.D. recipients of each department consisting essentially of transcripts, 
duration of graduate study, employment and fellowship date. Student data were 
used to derive a so-called "representative curriculum” for doctoral students 

of each department based on (a) the average total number of credit hours earned 
for the Ph.D. degree, and (b) a break-down of the total credit hours into 
arerage number of course credit hours and average number of thesis or research 
credit hours. In this study costs per Ph.D. are calculated with respect to 
number of credit hours earned for the degree by the student. For this reason 
the "representative curriculum" is essential to the cos-t calculation. The 
employment and fellowship data were used in estimating the opportunity cost 
of the Ph.D. Major aspects of the curriculum data are summarized on Table 1. 

2. Faculty Data : Data on time distribution of the workweek of graduate 

faculty aisong graduate and undergraduate instruction, research, graduate student 
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supervision, administration, and other professional activities.* These data 
vere primarily used in allocating graduate faculty salaries hetveen graduate 
course instructional cost, graduate student supervision cost, research cost, 
and departmental administration cost. Faculty time distribution data are 
summarized on Table 2. 

Departmental Data : Current year data for each department on all 

relevant inputs and outputs that constitute the graduate program. The basic 
procedure used here for cost calculation involves determining separately for 
each department the costs of "producing” a credit hour in I 964-65 and sub- 
sequently multiplying all cost elements by the number of credit hours earned 
by the typical doctoral student of each department. The procedure is then 
applied separately to course credit hours and the costs related to the course- 
taking phase of graduate study; to research or thesis credit hours and the 
costs related to the research phase of graduate study; and to the total number 
of credit hours and all indirect or supplemental costs related to the entire 
doctoral program on a credit hour* basis- 

Some specific aspects of the cost analysis deserve, additional elaboration. 

An explicit statement of certain built-in limitations of the cost estimates which 
follow will further clarify the procedures employed in the anclysis of costs. 

All components of the total cost of training Hi.D.’s, ejxcept the students' 

Income foregone, are calculated on a cost per student credit hour basis, with 
respect to expenditures made and graduate student credit hours produced by a 
department in 1964-65. The 1964-65 cost per credit hour figures are combined 
with the "representative curriculum” derived for each department on the basis 
of a sample of recent Ph.D. recipients. Inasmuch as costs per credit hour are 
likely to change from year to year the total cost estimates presented are neither 
a precise measure of the total cost of training graduate students er roiled dur- 
ing 1964-65 who will receive their degrees in future years, nor is a precise 
measure of the total cost of training recent Ph.D. recipients, who earned their 
credit hours during years prior to 1964 - 65 . A more exact cost analysis, which 
takes into account yearly variation in prices of inputs and variability in the 
volume of outputs of a department, could be derived from data gathered for. 
the entire period of graduate study of a cohort of doctorate holders. The 
present study was not designed to attain such duration and scope. 

The estimates presented in this study measure the total cost of training 
a specific group of Ph.D.'s under the following conditionn: 



* 

The questionnaire which was used is reproduced in the Appendix. Questionnaires 
were distributed during the site visits to all faculty members involved in 
graduate training during 1964-65* Follow-up questionnaires were mailed later 
to non-respondents. The number of usable responses constitute an average of 
75 >2^ in Physics, 71,.6^ in Zoology, 71*0^ in Sociology, and 6l.8^ in English. 
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(1) If the “.representative curriculum" remains representative over the 
period of graduate study of first-year students enrolled in 1964-65. 

(2) If 1964-65 costs per credit hour remain constant over the period of 
graduate study of first-year students of 1964-65 . 

(?) If the incomes underlying the opportunity cost estimates remain con- 
stent over the period of graduate study of first-year students of 

1964-65, 

Although it is not very likely that all of the above conditions will hold, these 
estimates provide new information about the total resource requirements for 
graduate ei' ication, and about the relative input costs which apply to four di- 
verse doctoral programs . 

A brief comment on the method of allocating graduate faculty salaries will 
also help to plarify the general procedure followed in the study. A graduate 
faculty member is defined as any member of a department engaged in the teaching 
of graduate courses and/or the supervision of graduate students. Since most 
university departments do not employ separate graduate faculties, l.e,, many 
graduate faculty members are engaged in undergraduate as well as in graduate 
instruction, in addition to a variety of other activities, only portions of 
salaries payed to graduate faculty members were included in the estimates. 

These are the portions of graduate faculty salaries that compensate time de- 
voted to graduate J.nstruction, graduate student superv.ision, research, and 
administration. On the average, the included portion ranged from 66^ to 80^ 
of total graduate faculty salaries. The exc.luded portion of graduate faculty 
salaries is that which compensates undergraduate teaching and other professional 
activities. In this study graduate facu3.ty salaries are allocated among the 
respective activities in accordance with time distribution data obtained by 
means of a questionnaire designed and distributed specifically for this study. 
(See the Appendix.) 

In this study the total cost of Ph.D.’s is apportioned between the course- 
taking phase and the research phase of graduate study. The direct costs of 
the research phase are analyzed in the next chapter. The direct costs of the 
course-taking phase consist of graduate faculty instructional cost and class- 
room space costs, while the same set of indirect costs applies to both phases 
of g.raduate study. The direct costs of both phases and the indirect or sup- 
plemental costs are presented in Table 3, and in Tables I8 and 19 Included 
in the Appendix, 

The data gathered for the computation of the presented estimates encompass 
the entire graduate program of each department, i.e., all courses described as 
graduate courses in the college catalogs, irrespective of who is enrolled in 
these courses. Thus the underlying data include credit hours produced for 
Master degree as well as for Ph.D. degree candidates and also the credit hours 
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earned by undergraduates and by extradepartmental graduate students enrolled 
in a given department's graduate courses.* The generally encountered inter- 
relatedness between graduate and undergraduate programs and the fact that the 
training of Ph.D. candidates is rarely confined to courses within the degree- 
granting department, suggests that the cost analysis should be based on credit 
hour production of all courses designated as graduate courses by the departments 
in question. The curriculum analysis also indicates that to varying degrees 



4*V»o 

v&Aw wjf — 



Ph.D. reeip5.ent of a given departmenb earns graduate credit hours 



in other departments. The Ygc estimates are based on the assumption that grad- 
uate credit hours earned in other departments are equally costly as those earned 
in the degree -granting department. 



This broad interpretation of graduate credit hours produced is capable of 
generating two types of distortions. It can produce a relatively low cost per 
graduate credit hour in one department which has more masters* candidates but 
the same number of Ph.D. candidates as other departments. Also it can produce 
a low cost per graduate credit hour In a department which exports more gradu- 
ate credit hours (i.e., produces graduate credit hours for graduate students 
from other departments and/or for undergraduates) relative to other depart- 
ments with an equal number of Ph.D. candidates. In view of the paucity of data 
on imported and exported credit hours of departments, and on the breakdown in 
graduate enroUments between terminal masters' candidates and potential Ph.D. 
candidates, possible distortions such as the above cannot be identified, and 
if they do exist their magnitude cannot be determined. 



Some comments are in order on the general availability of data required 
for the cost estimates. Various aspects of the needed information were either 
totally unavailable or found to be in a different than the desired form or in 
insufficient detail at selected institutions. The x'ollowing include the major 
deficiencies encountered: 



( 1 ) 



Enrollment data in general lack the desired detail. Frequently 
graduates and undergraduates are not itemized separately in re- 
cords on student enrollment in individual courses. The registration 
of graduate students after fulfillment of all credit hours or 
residence requirements was at times found to be inadequate or non- 
existent. Also the recording of full-time versus part-time enroll- 
ment was often found to be inaccurate oz* lacking. 



( 2 ) 



Lack of uniformity in the conferment of thesis and research credit 
hours earned by graduate students. In some instances research credit 
hours had to be imputed from semesters of graduate thesis residence. 



*In instances where undergraduates were given undergraduate credits upon 
completion of graduate courses, such credit hours were included in the cost 



analysis as graduate student credit hours produced. 
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(5) Uneven quality of records on years of graduate student residence, 
fellowships earned, and graduate student appointments and earnings. 

( 4 ) Information on the number of graduate students supervised by each 
faculty member (Master degree candidates, Ph.D. candidates, chairman- 
ship or participating membership of graduate committees, etc.) would 
have been helpful but is scarcely available. 

(5) Not all but most institutions made available space surveys they had 
conducted and supplied data on space utilization. 

( 6 ) Faciaty time distribution questionnaires were not distributed in one 
institution which was engaged in a similar survey for internal purposes 
at the time of the site visit and it was felt that simultaneous dis- 
tribution of two questionnaires would seriously limit the number of 
responses to both surveys. The data compiled by this particular 
university for internal purposes was made available to us, but un- 
fortunately it was not comparable to the data compiled with our own 
questionnaire. The chairman of one department in one other university 
discouraged distribution of the questionnaire, and one additional 
department failed to return the distributed time distribution forms. 

In the above cases the faculty time distributions were inputed either 
from data collected within the institution or from averages of the 
other departments in the same discipline, 

(7) One university in the sample denied access to the sponsored research 
budgets and in two or three other universities there were problems 
of retrieving all the required research budgets. In the former case 
sponsored research funds had to be imputed from the average of all 
other included departments of the same discipline. In the latter 
cases an attempt was made to estimate as accurately as possible the 
total 1964-1965 research expenditures of departments with the use of 
financial reports and other supporting data. 

In summary, it is felt that data deficiencies have somewhat limited the 
accuracy of the estimates, but have hot ruled out the possibility of making 
reasonably accurate estimates. To compensate for data deficiencies in the 
best possible way much effort was put into careful imputation of values for 
all variables that could not be directly measured. With continued improvement 
in the data recording and data processing methods employed by institutional 
research personnel of universities, it should be possible to improve the 
accuracy of above estimates in the near future. For the time being the 
estimates computed in this study serve chiefly as preliminary bench marks for 
future comparison. 
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CHAPTER III 

METCHOD OF ANALYSIS APPLIED TO THE RESEARCH ASPECT OF GRADUATE EDUCATION 



This chapter presents (a) a cost analysis of the research aspect of 
graduate education, and (h) a method for allocating sponsored research ex- 
penditures to graduate education. 



A COST ANALYSIS OF THE RESEARCH ASPECT OF GRADUATE EDUCATION 

One major factor in doctoral programs end in the total expenditures 
thereof is the research activity of graduate faculty and of graduate students. 
In this study the research process is explicitly considered an essential 
element of graduate training programs, and a part of the cost of research 
inputs is incorporated into the cost of a Ph.D. The inclusion of research 
costs vith other costs of the Ph.D. is justified on basis of the close rela- 
tion betveen research endeavors of faculty and their approach in course and 
research instruction of graduate students. 

The procedures vhich vere developed for estimating the cost of research 
inputs are based on a rather broad interpretation of the research process 
in graduate education. Research vith respect to graduate faculty is here 
defined as any activity that is motivated by the search for nev knovledge 
or the advancement of a discipline, as veil as any activity that is directed 
at imparting research skills to graduate students. Thus research activity 
comprises the actual execution of a research project, as veil as the train- 
ing of students to carry out research. Whenever graduate faculty and graduate 
students interact in the execution of a research project, these tvo aspects 
of research activity are conducted jointly. Moreover, in accordance with the 
above definition, an English professor vho supervises a student's dissertation 
is engaged in research activity to an equal extent as a Physics professor 
vhen conducting experiments in his laboratory. 

Analysis of the research aspect of doctoral programs requires some type 
of a measurement of research conducted by graduate students. Since the ap- 
proach followed in this study involves cost analysis in terms of credit hours 
earned by graduate students for the Ph.D. degree, the research phase of a 
doctoral program was measured on the basis of graduate research credit hours 
earned. The transcripts of a sample of recent Ph.D. recipients of respective 
departments were used to define the research phase of each department* s 
doctoral program vith respect to the average number of research credit hours 
earned for the Ph.D. degree. This method of defining the research portioa 
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of doctoral programs is not entirely satisfactory since some graduate de- 
partments do not credit their students for research executed as part of 
doctoral training to an equal extent as do other graduate departments. 
Furthermore, in some universities the rules which determine how many re- 
search or thesis credit hours a student may earn and what the student must 
accomplish in order to earn research credit hours, are applied haphazardly. 
However, all institutions* included in this study recognized and awarded 
research credit hours to a certain degree. Therefore, an effort was made 
(hy use of imputation in a few instances) to estimate as accurately as pos- 
sihle the average number of research or thesis credit hours,** comprised 
by the "representative Ph.D. curriculum" of each department. 

The basic procedure used here for calculation of research costs involves 
determining separately for each depart'uent the costs of "producing" a single 
research credit hour in 196^4—65 and mivltiplying individual research costs 
by the average number of research credit hours earned by recent doctorates 
of the department. More specifically, the cost of the research phase involves 
four major cost elements: (l) allocated sponsored research costs, ( 2 ) graduate 

faculty salaries that compensate research time and graduate student supervis- 
ion time, (3) research laboratory space costs, and (4) a set of indirect costs 
such as library, administrative, and departmental supplies, equijaiient and 
clerical costs. The sum of these four costs is then multiplied by the average 
number of research credit hours earned by students of each department, to 
derive the total cost of the research phase of graduate study. 

Further clarification of the nature of some of the above cost elements 
may be in order. All of the direct costs reflect the dollar value of inputs 
of research activity. The sponsored research budgets cover expenditures for 
research inputs, but only a part of the research budgets is allocated as 
cost of the research phase of graduate study. The allocation method used 
for this purpose will be described subsequently. Research activity of grad- 
uate faculty was defined to include time spent performing research as well 
as time spent training graduate students to pr^-form research. It follows 
that the portion of total graduate faculty salaries which compensates re- 
search time and graduate student supervision tine, represents a cost of 
research activity. Research laboratory space costs were calculated with 
respect to standards for research space requiremer 4 ts per graduate student 



*One of the twelve institutions surveyed did not confer research credit hours 
to graduate students but this university had to be omitted from the study 
for other reasons as vyell. 

A research credit hour was taken to be any credit hour defined as a research 
or thesis credit hour; any credit hour earned in a graduate course described 
as a research course; and any credit hour earned in a graduate course defined 
as "independent study." 
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in each discipline,* and a rental rate which is assumed to cover all costs 
of utilizing a given amount of space . The total analysis of costs of physical 
facilities will be dealt with in the next chapter. The cost estimates of the 
research phase of doctoral programs is based on three assumptions: 

(1) That only a part of the sponsored research funds of a department 
is allocable as a cost of graduate training. 

( 2 ) That the total cost of research space utilized by graduate students 
is allocable as a cost of graduate training. 

(3) That the total cost of time spent by graduate faculty on research** 
and on graduate student supervision is allocable as a graduate 
training cost. 

The first assumption will be elaborated in the next section. Although 
there are grounds on which assumptions (2) and (3) may be challenged, they 
approximate reasonably well the separation of inputs which are specific to 
graduate programs, and they provide a useful framework for the calculation 
of research training cost estimates. The derivation of research cost es- 
timates and the research costs of doctoral programs in the four disciplines, 
are set forth in summary form in Table k and also on Table 19 included in 
the Appendix. 



A METHOD FOR ALIOCATION OF SPONSORED RESEARCH EXPENDITURES TO GRADUATE 
EDUCATION 



The problem of isolating the training component of research expenditures 
is analogous to the problem of identifying the consumption component of educa- 
tional costs. Both problems stem from the fact that a large degree of "joint- 
ness characterizes the production of education. Though it is known that most 
types and levels of education confer upon the student the means to a better 
life as well as marketable skills and capabilities, it is exceedingly dif- 
ficult to estimate the so-called consumption element of educational costs. 
Economists to date have not worked out a solution for the consumption versus 



Such standards were obtained from Taylor, Lieberfeld, and Heldman, Inc., 

Report to Association of State Institutions of Higher F'^ucation in Colorado, 
Manual of Procedures end Criteria for Campus Develo pment and Capital Outlay 
Planning. New York, April, I96I;. 

** 

The total cost of graduate facul.ty time spent on research during the academic 
year was allocated to the cost of training Ph.D.'s. However, in the sciences 
the majority of graduate faculty members receive summer salaries for devoting 
100^ of their time to research during summer months. The cost of graduate 
faculty summer research time was not added on to the cost of graduate education. 
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49.7 


B 


31.1 


38 


86,310 


82.2 


65.8 


C 


14.8 


26 


9,930 


69.4 


23.0 


D 


16.7 


25 


40,931 


88.5 


58.5 


E 


34.7 


30 


79,254 


93.9 


74.8 


F 


8l.8 


57 


25,012 


88.1 


42.4 


6 


37.4 


41 


24,946 


84.5 


30.0 


I 


86.7 


36 


32,173 


79.1 


53.4 


I 


33.3 


41 


27,405 


79.8 


13.1 


J 


U.k 


16 


U,286 


72.4 


38.3 


E 


64.6 


58 


33,915 


88.1 


44.8 


>Tg. 


35.6 


3TH 


♦31,479 


82.6# 


44.9# 


Std. Der. 


ai.i 


14.5H 


♦17,511 


11.4# 








Zoolcgy 






A 


44,4 


40 


♦56,496 


85.6 


39.2 


B 


42.4 


43 


45,870 


67.6 


37.6 


C 


29.5 


36 


22,714 


86.9 


30.4 


D 


23.2 


28 


17,88^ 


81.1 


19.9 


E 


43.4 


34 


34,285 


92.6 


29.2 


F 


67.6 


49 


14,398 


79.7 


30.2 


0 


38.0 


36 


17,708 


89.4 


16,4 


H 


48.2 


55 


43,717 


87.7 


44.4 


I 


39.9 


49 


26,568 


78.8 




J 


14.0 


17 


10,402 


44.8 




K 


65.0 


51 


12,220 


82.7 


23.6 


Ayg. 


41.4 


40# 


♦25,842 


79.7# 


•4!.6# 


Std* Der. 


23.3 


12.2# 


♦12,087 


40.2# 








Soclolocf 






A 


23.3 


97# 


♦14,632 


74.2 


25.8 


B 


20.8 


23 


18,012 


60.9 


17.6 


C 


7.7 


10 


5,084 


66.9 


43.5 


D 


18.6 


25 


4,315 


64.5 


21.6 


E 


25.5 


23 


21,215 


93.5 


17.8 


F 


34.1 


34 


14,731 


81.6 


11.4 


0 


36.7 


36 


16,221 


82.9 


23.8 


H 


25.1 


28 


10,767 


64.1 


13.0 


I 


8.7 


13 


13,926 


59.0 


8.0 


J 


8.6 


10 


2,674 


58.8 


25.3 


K 


34.0 


55 


4,iE)2 


61.2 


13.2 


Avg. 


22.1 


24# 


♦u,433 


69.8# 


20.3# 


Std. Btr. 


10.5 


3.9# 


♦ 6,104 


45.9# 








EngUsh 








A 


29.1 


31 


♦ 2,037 


47.9 


0.0 


B 


41.4 


42 


6,169 


53.4 


1.6 


C 


7.2 


9 


4,629 


69,9 


2.9 


D 


14.2 


39 


6,09a 


73.3 


5.1 


£ 


29.4 


23 


8,349 


51.0 


1.5 


F 


40.3 


39 


7,658 


62.0 


0.0 


0 


29.0 


32 


19,778 


90.0 


0.05 


E 


14.7 


17 


5,482 


46.9 


8.7 


I 


5.6 


9 


2,206 


25.2 


2.6 


J 


12.7 


14 


2,760 


34.6 


3.7 


K 


46.4 


49 


9,882 


81.6 


1.4 


Avg* 


24.5 


25.8# 


♦ 6,840 


57.9# 


3<0# 


Std* BttY. 


14.4 


13.:# 


♦ 4,737 


49.4# 





i 









the investment problem of education and have also refrained from allocating 
academic research expenditures b^ tveen costs of new knowledge and costs of 
research training. 

Jointness of production means that the production of one service entails 
the production of another. The above does not imply that research can be 
carried out only in an academic context or that it is inextricably linked 
with university instruction. However, it is true that training at the grad- 
uate level cannot be carried out effectively in the absence of ongoing re- 
search end a so-called research atmosphere. This complementarity between 
the process of research and the process of graduate training is most apparent 
in research-oriented disciplines, because for a large percentage of Ph.D, 
recipients in these fields research becomes the major professional activity. 
Even in the less re search- oriented disciplines, however, scholarly investiga- 
tions are at times carried out Jointly between teachers and students; in 
that sense the search for new knowledge constitutes an integral part of 
graduate education in general. 

When research is conducted within a university department it essentially 
has two outputs: new knowledge and new skills. Given the complementarity 

of research and graduate training the question arises as to what portion of 
research costs should be allocated as costs of training Ph.D.’s. If we 
could measure the two outputs of research endeavors the cost might be al- 
located accordingly. However, a satisfactory yardstick for research output 
has to date not been developed, and the amount of research training derived 
from given projects does not readily lend itself to measurement. 

One method of estimating that part of the total cost of research enter- 
prise which may be allocated to the cost of new skills involves use of grad- 
uate faculty time distribution data. On the basis of such data, the sum of 
the percentages of faculty time spent on research and on graduate student 
supervision was taken to represent total faculby involvement in research 
activity. The following ratio was derived separately from each department’s 
graduate faculty data in order to apportion sponsored research f;mds between 
the cost of new skills and the cost of new knowledge: 



R 



R 



t 



t 



or 




R, 



a 



where 



Rp = research performance = > of faculty time spent on research 
Rj; = research training = ^ of faculty time spent on graduate 



student supervision 



Rg - total research activity = Rp + R^ 
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On the assumption that products of research performance and research training 
are equally costly per unit of time, this ratio provides an objective cost 
estimate of the training aspect of sponsored research. 



When this method is applied to the faculty time distribution data gathered 
for this study the allocation ratio for each department is less than one-half. 
With regard to disciplines, the average percentages of total departmental spon- 

PVrv^nfl 1 *hn*roc ulnir»Vi mov til 1 oes orio4-e r\^P “DVi t 

are 30^ in Physics, 20^ in Zoology, and 20^ in Sociology. Research budgets do 
not enter the cost of the research phase of graduate study in English, as 
English departments have fev research funds to be allocated. 



Clearly this allocation method has its shortcomings as \?ell as its ad- 
vantages* The fact that research and research training are jointly produced 
in the un^/ersity setting and the fact that the output of research and research 
training is extremely difficu3.t to measure limits the possibility of testing 
the assumption that products of research performance and research training are 
equally costly per unit of time. This points to a shortcoming of the alloca- 
tion method. In its favor one might point to its empirical basis, i.e., it 
is based on actual graduate faculty time distribution "data. Also it may be 
noted that the above method lends itself to modification and supplementation. 

For example, if data could be gathered on the extent to which graduate students 
are involved in research projects it might be possible to develop a more re- 
fined approach based on the research effort of graduate students as well as 
that of graduate faculty. Moreover, this type of an allocation approach may 
also prove to be of value to the solution of other allocation problems in the 
economics of higher education. 

The distribution of the total costs of a Ph.D. between costs of the re- 
search phase and costs of the course-taking phase, as shown on Figure 1, in- 
dicates that the cost of the research phase is usually several times as large 
as the cost of the course-taking phase, even though course credit hours out- 
number research credit hours earned by the typical doctorate holder of almost 
every department. In each of the four disciplines the research cost represents 
a substantial portion of the total cost of a Ph.D. The research cost as an 
average percentage of Yac (average total cost of a Ph.D.) varies between disci- 
plines and is lowest for English. This follows from a previously noted fact 
that few English departments have research funds. The ranges for total research 
costs and for research cost as a percentage of Yac ore very wide and show con- 
siderable overlap between disciplines. Variability in the research cost 
of a Ph.D. within any one discipline is considered to be a result of similar 
factors os those which make for variability in the total cost estimates of 
Ph.D.'s. These factors will be discussed in a later chapter on findings and 
data analysis. 

Relevant to the costs of the research phase of doctoral progrsms is a 
series of estimates which represent the percentage of Yac that constitutes 
nonuniversity subsidies of the cost of a Ph.D., or that part of Yac which is 
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payed for out of nonuniversity funds. These estijastes are presented in column 
5 of lable 4 and are composed entirely of allocated sponsored research funds 
and feilovship funds, while they exclude such funds as univerc.^ties obtain for 
building purposes from outside sources. This exclusion does not appear to 
seriously bias the estimates, as the estimated cost of physical facilities 
accounts for a relatively small portion of the Yq^'s* (see next chapter). In 
instances where university construction is subsidized, the subsidy is likely 
to cover only a small part of the space utilization costs of a particular grad- 
uate program. Column 5 of Table 4 shows that the nonuniversity subsidies as 
a percentage of Yq^ range from an average of 44.9^ in Physics to an average of 
yjo in English, while the percentages also show considerable variability within 
any one discipline. 




In this chapter an attempt has been made to delineate the research phase 
of doctoral programs and to estimate its cost as a component of the total cost 
of training Ph.D.'s. Presumably the research activity of graduate faculty 
and graduate students, which constitutes the research phase of doctoral pro- 
grams, bears a qualitative relationship to respective doctoral programs. Such 
relationships can be further explored in the light of available indices of 
quality in graduate education. The federal government supports graduate educa- 
tion primarily via the subsidization of research. Thus it may be particularly 
this aspect of the cost estimates of training Ph.D.'s that has the potential 
of providing insight on policy objectives, which govern the distribution of 
federal aid to graduate education. 
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CHAPTER IV 

METHOD OF ANALYSIS APPLIED TO OPPORTUNITY COSTS, PHYSICAL FACILITIES 

COSTS AND SUPPLEMENTAL COSTS 



In this chapter the estimation of three types of cost elements that 
enter into the total cost of Ph.D. ‘s will be described in greater detail: op- 

portunity costs, costs of utilizing physical facilities, and the indirect or 
supplemental cost elements. 



ESTIMATION OF STUDENTS' INCOME FOREGONE 

When viewing graduate education as a form of human capital formation one 
generally classifies the students along with other productive inputs. Those 
who eventually embody the human capital of a society also contribute to its 
formation at an earlier stage . The time and effort supplied by students art? 
as essential as any other inputs that enter into the production of Ph.D.'s. 
Thus economists have in recent years developed the point of view that students 
are "self-employed" producers of capital* or "producers engaged in the produc- 
tion of knowledge in their own minds."** It follows that whenever employment 
constitutes an actual alternative to schooling, thus confronting the student 
with a choice between earning and learning the opportunity cost of learning 
must be added on to the other costs of education. It is evident that the al- 
ternatives of earning and learning become mutually exclusive only under ex- 
ce* iional circumstances. To varying degrees learning is inherent in most 
employment situations, whereas there are also many opportunities for realiz- 
ing earnings in conjunction with schooling, particularly in the context of 
graduate education. Nevertheless, the data indicate that in most instances 
earnings of graduate students fall short of their earnings potential in al- 
ternative, full-time employment situations. Thus it becomes one of the tasks 
of this study to estimate opportunity costs with respect to the net difference 
between students' foregone income and actually realized income during the 
entire period of graduate study. 

Earnings foregone by graduate students were measured in the following 
way. First a weighted average annual income for bachelor degree holders 



T. W. Schultz, "Capital Formation by Education," Journal of Political 
Economy, December, i960, p. 575. 

*^Frits Machlup, Production and Distribution of Knowledge ^n the United States , 
Princeton University Press, I962, p. 386. 
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vas derived for the period of (graduate study from 1964 cross sectional National 
Register Salary Data, and was adjusted to an academic year base . Then the 
weighted average annual income for each discipline was multiplied by the 
adjusted average number of years spent on the doctorate in each department 
to derive the gross opportunity cost of a Ph.D. in each department. The 
total number of years spent on the average in obtaining the doctorate in 
each department was corrected for years of full-time employment away from 
school, during the period oi graduate study, to derive adjusted average number 

JCOXO ^Xi UiXC XiXaJL/* O.X1J. WXUld O'O-UiX ^ClUXX^XCU VJll gx dUlAO Ud O UUUdXXUO DU^** 

gests that students who accepti full-time employment away from school before 
completing the Ph.D. may be earning salaries which are on par with their earn- 
ings potential. The adjusted average numiber of years spent on the doctorate 
in each d^.par'cment was multiplied by average academic year earnings of graduate 
students in respective disciplines. Subtracting total earnings realized dur- 
ing graduate study from the gross opportunity cost yields the net opportunity 
cost of the Ph.D. In the absence of satisfactory records on both employment 
patterns of graduate students during summers and on graduate student summer 
earnings it was felt that the opportunity cost of a Ph.D. should be based on 
academic-year income differentials rather than on calendar-year income dif- 
ferentials. 

Full-time employment coincident with completion of the doctorate, is 
more characteristic of the pattern of graduate study in Sociology and English 
than in Physics and Zoology. In Physics there was only one of eleven de- 
partments that had a sizable number of stddents accepting full-time jobs 
before completion of the doctorate, whereas in practically all of the English 
departments which were surveyed for this study, the majority of students 
accepted full-time employment for one or more years before receipt of the 
Ph.D. degree. 

The estimates presented on Table 5 indicate that the total opportunity 
cost of a Ph.D. is substantial and that it represents an average of:* 

$26,845 = ^ 2 ^ of the total social cost of a Ph.D. in Physics 

$14,895 = 51^ of the total social cost of a Ph.D. in Zoology 

$27,825 = 63^ of the total social cost of a Ph.D. in Sociology 

$23,400 = 68 ^ of the total social cost of a Ph.D. in English 



Schultz presented estimates of earnings foregone by students at the level 
of college and university education. According to Schultz's estimates. 

Incomes foregone represent 60 ^ of the total cost in 195 ^ and in 1956 . 

T. W. Schultz, "Capital Formation by Education," Journal of Political Economy, 
December, i960, p. 577 * 
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(1) 


(2) 


(5) 


(4) 


(5) 


l6) 


(7) 


(8) 


(9) 










Physics 












A 


4.8 


4.8 


♦7,000 


♦33,600 


4.8 


♦2,335 


♦U,208 


♦22,392 


♦63,442 


B 


5.5 


5.5 


7,000 


38,500 


5.5 


2,335 


12,843 


25,657 


57,825 


C 


7.3 


5.3 


7,000 


37,100 


5.3 


2,335 


12,376 


24,724 


39,029 


D 


5.5 


5.4 


7,000 


37,800 


5.*^ 


2,335 


12,609 


25,191 


71,434 


B 


5.8 


5.8 


7,000 


40,600 


5.8 


2,335 


13,543 


27,057 


111,426 


F 


6.C 


6.6 


7,000 


46,200 


6.6 


2,335 


15,411 


30,789 


60,300 


a 


5.2 


5.2 


7,000 


36,400 


5.2 


2,335 


12,142 


24,258 


53,849 


H 


5.8 


5.8 


7,000 


40,600 


5.0 


2,335 


13,543 


27,057 


67,709 


I 


7.2 


7.2 


7,000 


50,400 


7.2 


2,335 


16,812 


33,588 


67,910 


J 


5.9 


5.7 


7,000 


39,900 


5.T 


2,335 


13^310 


26,590 


42,147 


K 


6.0 


6.0 


7,000 


42,000 


6.0 


2,335 


14,010 


27,990 


66,465 


Avg* 


5.9 


5.7 


♦7,000 


♦40,280 


5.7 


♦2,335 


♦13,430 


♦26,845 


♦63,776 










Zoology 










A 


6.0 


5.8 


♦4,700 


♦27,260 


5.8 


♦a,lB7 


♦12,685 


♦14,575 


♦57,180 


B 


6.1 


5.1 


4,700 


23,970 


5.1 


2,187 


11,154 


12,816 


80,680 


C 


6.1 


5.5 


4,700 


25,850 


5.3 


2,187 


12,029 


13,821 


39,947 


D 


7.4 


7.4 


4,700 


34,780 


7.*^ 


2,187 


16,184 


1B,596 


40,659 


E 


. 6.3 


5.9 


4,700 


27,730 


5.9 


2,187 


12,905 


14,827 


51,863 


F 


6.6 


6.6 


4,7ro 


31,020 


6.6 


2,187 


14,434 


16,586 


34,652 


a 


7.4 


5.6 


4,7t» 


26,320 


5.6 


2,187 


,2,247 


14,073 


33,875 


H 


7.9 


5.0 


4,700 


23,500 


5.0 


2,187 


10,935 


12,565 


62,395 


I 


6.7 


6.7 


4,700 


31., 490 


6.7 


2,187 


14,653 


16,837 


53,092 


J 


6.6 


5.4 


4,700 


25,380 


5.4 


2,187 


U,SlO 


13,570 


36,798 


K 


6.6 


6.2 


4,700 


29,14c 


6.2 


2,187 


13,559 


15,581 


30,349 


Avg. 


6.7 


5.9 


♦4,700 


♦27,858 


5.9 


♦2,187 


♦12,963 


♦14,895 


♦47,408 










Sociology 










A 


5.3 


4.9 


♦6,600 


♦32,340 


4.9 


♦2,099 


♦10,285 


♦22,055 


♦41,783 


B 


9.5 


5.1 


6,600 


33,660 


5.1 


2,099 


10,705 


22,955 


52,508 


C 


8.4 


6.5 


6,600 


42,900 


6.5 


2,099 


13,644 


29,256 


36,857 


D 


6.5 


5.6 


6,600 


36,960 


5.6 


2,099 


31,754 


25,206 


31,895 


E 


6.6 


6.3 


6,600 


41,580 


6.3 


2,099 


13,224 


28,356 


51,048 


F 


7.0 


6.5 


6,600 


42,900 


6.5 


2,095 


13,644 


29,256 


47,312 


a 


6.3 


6.0 


6,600 


39,600 


6.0 


2,099 


12,594 


27,006 


46,571 


H 


7.5 


5.7 


6,600 


37,620 


5.7 


2,099 


11,964 


25,656 


42,457 


I 


9.9 


9.9 


6,600 


65,340 


9.9 


2,099 


20,780 


44,560 


68,168 


j 


7.7 


5.4 


6,600 


35,640 


5.4 


2,099 


11,335 


24,305 


28,855 


K 


6.2 


6.1 


6,600 


40,260 


6.1 


2,099 


12,804 


27,456 


34,285 


Avg* 


7.4 


6.1 


♦6,600 


♦40,800 


6.1 


♦2,099 


♦12,977 


♦27,823 


♦43,793 










English 










A 


7.4 


6.4 


♦5,900 


♦37,760 


6.4 


♦2,207 


♦14,125 


♦23,635 


♦27,390 


B 


7.9 


5.3 


5,900 


51,270 


5.3 


2,207 


11,697 


19,573 


31,128 


C 


8.5 


5.9 


5,900 


34,810 


5.9 


2,207 


13,021 


21,789 


28,415 


D 


8.5 


5.8 


5,900 


34,220 


5.8 


2,207 


12,801 


21,419 


29,507 


E 


8.7 


6.3 


5,900 


37,170 


6.3 


2,207 


13,904 


23,266 


39,618 


F 


7.6 


7.5 


5,900 


44,250 


7.5 


2,207 


16,553 


27,697 


40,577 


0 


7.7 


5.9 


3,900 


34,810 


5.9 


2,207 


13,021 


21,789 


43,789 


H 


6.8 


4.6 


5,900 


27,140 


4.6 


2,207 


10,152 


16,986 


28,654 


I 


10.7 


10.7 


5,900 


63,130 


10.7 


2,207 


23,615 


39,515 


48,271 


J 


8.8 


5.0 


5,900 


29,500 


5.0 


2,207 


11,035 


18,465 


26,445 


K 


8.7 


6.3 


5,900 


37,170 


6.3 


2,207 


13,904 


23,266 


35,373 


Alg* 


8.3 


6.3 


♦5,900 


♦37,384 


6.3 


♦2,207 


♦13,984 


♦23,400 


♦34,498 
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These estimates constitute a measure of the difference betveen the student's 
earning power when fully employed and the earnings he realizes as a student, 
combined with the modified number of years spent obtaining the doctorate. In 
interpreting or using the above estimates of opportunity costs of a Ph.D. one 
should be aware of the following conditions on which the estimates are based: 

( 1) That Bachelor degree holders who are enrolled in graduate schools 
can actually find employment at the stipulated Balaries; 

(2) That all graduate students have the opportunity to earn average, 
academic-year graduate students' incomes. 

(3) That graduate students' earnings during years of full-time employ- 
ment away from school are such that no income is foregone during 
those years. 

(4) That graduate students typically realize summer earnings roughly 
proportional to 2/l2 of Bachelor degree holders' calendar year 
salaries. 

For the last of these four conditions supporting evidence is almost totally 
lacking. If most graduate students in fact continue their studies during 
summers and thus forego earnings, the opportunity cost estimates have a down- 
ward bias. However, if in the future more information on summer activities 
and summer earnings of graduate students becomes obtainable, and if the new 
information does not support condition (4), the opportunity cost estimates 
can readily be adjusted. 



ESTIMATION OF THE COST OF PHYSICAL FACILITIES 

Three different types of physical facilities were analyzed and included 
with other inputs of Ph.D. programs: classroom space, student research labor- 

atory or office space, and faculty office space. Estimates of the cost of 
physical facilities were derived with the following two steps: 

(1) Determination of amount of >jpace required per graduate student 
course credit hour, per graduate student engaged in research, 
and per graduate faculty member in terms of square footage. 

(2) Determination of annual costs of utilizing a given amount of space. 

The main problem of this part of the analysis is to ascertain the cost 
of utilizing various sections of space scattered over one or several different 
buildings. It is rarely found that graduate programs at any time utilize a 
building in its entirety, and the total amount of space used by the graduate 
program of a department is rarely located in one sin'^^le building. It is 
extremely difficult if not impossible to determine from university records 
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the capital value of a part of a building and the annual coat of utilizing a 
certain section of a building. Also universities in their accounting pro- 
cedures do not allov for depreciation as a part of current costs of plant 
and equipment. For the above reasons an alternative method of estimating 
costs of physical facilities vas chosen and based on the use of rental rates. 
Rental rates are assumed to include the annual return on capital value as 
veil as the cost of operating and maintaining a given amount of space. A 
rental rate; indicative of the yearly price per square foot, either payed or 
charged by the university for rented facilities, vas obtained for each in- 
stitution in the sample. 



Workable floor area standards for the various types of facilities used 
by graduate programs in four disciplines vere adopted from. Manual of Pro- 
cedures and Criteria for Campus Development and Capital Outlay Planning, 
Taylor, Lieberfeld, and Heldman, Inc.^ Use of the Colorado space standards 
rather than the actual amounts of space utilized for the various functions 
of individual graduate programs vas suggested by tvo factors: (l) Cal- 

culating space requirements in the light of certain standards appeared to 
lend more validity to the estimates than the measurement of actual though 
often temporary and inadequate physical facilities; (2) the standards of 
the "Colorado Space Manual" roughly corresponded to some of the targets 
expressed in space studies undertaken by a number of the participating 
institutions . 



The "Colorado Space Manual" presents optimal square footage par student 
station for a range of class sizes. The vel.ghted average size of a student 
classroom station vas calculated for each institution on the basis of optimal 
square footage and the percentage distribution of class sizes found in the 
graduate programs dm^ing 196U-65- The size of a student station represents 
the amount of space required for one class contact hour and student station 
standards vere combined vith the space utilization rate and the rental rate 
applicable to each individual university for the estimation of cost of class- 
room space per graduate student credit hour. Table 6 presents the estimates 
for the four disciplines and also illustrates the calculctions vith vhich 
the estimates vere deri^»ed. 



The size of optimal research facilities for graduate students in Physics 
and Zoology was derived from standards in the "Colorado Space Manual" for 
research stations for Faculty and Professionals, i.e., 110 square feet per 
graduate student in these tvo discix)lines. For the requirement of research 
and Individual study space per graduate student in Sociology and English 



From Report to Association of State Institutions of Higher Education In 
Colorado, Manual of Procedures and Criteria For Campus Development and Capital 
Outlay Planning, Taylor, Lieberfeld, and Heldman, Inc., Nev York, April, 

1964. 
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a criterion developed for multiple occupancy office stations for teaching 
assistants and research assistants was adopted from the above Manual. In 
accordance with this standard 50 square feet are allocated to the office 
station for a graduate student in Sociology and English. The allowance 
of research space per graduate student is based on the assumption that one 
student station is fully utilized by a single graduate student during three- 
fourths of a calendar year. Detail on the calculations underlying the cost 
estimates for research space is presented in Table 7. 

Th'= average size or standard for faculty offices was ascertained for 
each unxversity separately and this information was readily available from 
a campus planner at each institution. It is assumed here that each graduate 
faculty member needs and fully utilizes a faculty office of standard size 
for two-thirds of a calendar year. The total cost of graduate faculty office 
space was allocated to the cost of training Ph.D.'s, and is shown on Table 8. 

The estimates of costs of physical facilities presented in Tables 6, 7, 
and 8, and in columns 3^ 8, and I7 on the Summary of Components of Yac 
(Table I8 included in the Appendix) are based on optimal amounts of space 
rather than on actual amounts of space used. If the underlying space stan- 
dards on which the cost estimates ore based are subject to question, alterna- 
tive space standards can readily be substituted in the calculations. As set 
forth in the above tobies the total estimated cost of physical facilities 
rconstitutes an average of 

8.3^ of the total cost of a Ph.D. in Pl^sics 
10. 0^ of the total cost of a Ph.D. in Zoology 




5.3^ of the total cost of a Ph.D. in Sociology 
l4.9i^ of the total cost of a Ph.D. in English 




ESTIMATION OF INDIRECT OR SUPPLEMENTAL COSTS 

A number of diverse cost elements ore included under Supplemental Costs 
as shown on the Summary of Components of Yac table for each discipline 
(Table 18 in the Appendix). Supplemental costs include costs of certain 
fixed inputs supplied by the university and shared by all types and levels 
of programs offered within the institution, as well as certain fixed inputs 
of the departments in which the four selected graduate programs ore offered. 
The university's fixed inputs which were considered in the cost analysis con- 
sist of administrative and library services. On the departmental level, sup- 
plies, equipment, and clerical services, graduate faculty offices, fellowships 
and staff benefits were treated as supplemental cost elements. All costs 
which must be allocated on an equal basis to graduate course and graduate 
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91 


110 


10 010 $2*75 


♦27,528 


.67 


♦13,41*1* 


425 


♦ 43.60 


♦ 43.60 


B 


65 


110 


7,150 1.25 


8,938 


.75 


6,704 


472 


14.20 


14.x 


C 


65 


110 


6,950 5.00 


31*,650 


.75 


25,986 


193 


134.65 


154.65 


D 


101 


110 


n^no 4.2^ 


1*7,218 


.75 


35,413 


222 


159.52 


159*5R 


E 


75 


110 


8,250 2.81 


23,183 


.75 


17,387 


235 


74.62 


74.68 


T 


355 


110 


36,960 2.25 


63,160 


.75 


62,370 


2,4^ 


25.31 


23.31 


0 


115 


110 


12,1*30 I*.00 


<*9,720 


.75 


37,290 


673 


33.00 


88.x 


1 


100 


uo 


il,00C 9.*^ 


99,'tOO 


.73 


44,530 


615 


72.44 


108.66 


1 


199 


110 


21,890 U.OO 


87,560 


.75 


65,670 


x,n5 


38.90 


83.35 


J 


155 


iin 


17,030 3.36 


57,288 


.75 


42,966 


694 


61.91 


92.87 


K 


170 


110 


ie,7«» I* .00 


7‘*,800 


.75 


56,100 


1,T47 


32.11 


43.17 
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A 


8b 


110 


8>8oo 


» ♦2.75 


♦21*, 200 


.67 


♦18,150 


302 


♦ 60.10 


♦ 60,10 


B 


A9 


110 


9,390 


' 1*25 


6,738 


.75 


5,054 


185 


27.27 


127,27 


C 


67 


no 


7,370 


5.00 


36,850 


.75 


27,638 


305 


90.62 


X«60 


D 


57 


no 


6,270 


4.25 


S6,6<*8 


.75 


19,986 


132 


151.41 


151,41 


t 


*»5 


no 


4,730 


2.61 


13,291 


.75 


9,968 


126 


79.11 


79*11 


T 


85 


no 


9,350 


2.25 


21,038 


.75 


15,779 


1;13S 


13.88 


13.88 


0 


57 


no 


6,270 


4.00 


25,080 


.75 


18,810 


465 


39.10 


58.^ 


B 


68 


no 


7,460 


5.40 


••0,392 


.75 


30,294 


582 


52.05 


78.08 


X 


<^5 


no 


^^,730 


2.90 


1 5,717 


.75 


10,288 


510 


20.17 


X*26 


J 


6o 


no 


6,600 


3.36 


25,176 


.75 


16,632 


148 


112.38 


168.57 


K 


92 


no 


5,720 


4.00 


25,800 


.75 


17,160 


1,153 


14.86 


22.29 
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A 




50 


2,150 


12.75 


♦ 5,913 


.67 


♦ 3,962 


150 


♦ 26,41 


♦ 26.41 


B 


35 


50 


1,750 


1.25 


2,186 


.75 


1,641 


195 


8.1*2 


8.42 


C 


^^5 


50 


2,250 


5.00 


a,230 


.75 


6,438 


in 


76.02 


ro.02 


D 


k 2 


50 


2,100 


4.25 


8,925 


.75 


6,694 


276 


24.25 


24.25 


B 


55 


50 


2,750 


2.81 


7,728 


.75 


3,796 


99 


58.55 


58.55 


T 


51 


90 


2,590 


2.25 


5,738 


.75 


4,304 


232 


18.34 


18.54 


0 


92 


50 


4,600 


4.00 


i8,iioo 


.75 


13,000 


543 


25.41 


38.12 


B 


19 


50 


990 


5.40 


5,130 


.•^5 


3,848 


330 


10.99 


16.49 


X 


116 


90 


9,800 


1.70 


9,860 


.75 


•9 XAK. 


605 


12.22 


18.35 


J 


125 


50 


6,290 


3.36 


21,000 


.75 


15,730 


786 


20.04 


X.O 6 


K 


82 


90 


4,100 


4.00 


l6,i*0O 


.75 


12,300 


835 


1.47 


2 .a 
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A 


6A 


90 


3,200 


♦2.75 


A 8,8X 


.67 


♦ 5,896 


1,474 


♦ 4.00 


♦ 4.x 


B 


152 


90 


7,100 


1.25 


8,875 


.75 


6,656 


960 


6.93 


6.93 


C 


79 


90 


3,930 


5.00 


19,730 


.75 


14,813 


103 


137.16 


137.16 


D 


66 


90 


4,400 


4.25 


18,700 


.75 


14,025 


164 


76.22 


76.22 


B 


553 


50 


17,690 


2.81 


1*9,597 


.75 


57,193 


46c 


60.32 


80.52 


T 


232 


90 


1,290 


2.25 


2,813 


.75 


2,110 


717 


2.94 


2.94 


3 


153 


90 


7,690 


4.x 


30,600 


.75 


22,950 


243 


94.44 


141.66 


B 


151 


90 


7,590 


9.40 


1*7,770 


.75 


30,578 


656 


1*6.61 


69.92 


I 


170 




8,900 


1.75 


1I*,875 


.75 


U,156 


783 


14.21 


21.:^ 


J 


318 


90 


15,900 


3.36 


53,1*21* 


.75 


40,068 


742 


34.00 


8l.X 


R 


216 


90 


10,800 


4.x 


1*3,200 


.75 


32,400 


1,328 


24.40 


36.60 
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TABU 8 

FACULTY OrriCE SPACE COST HER (HUDUATT STUDERT CREDIT BOUR 
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Cosli of Graduate 
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Cost of Graduate 

Faculty Office j^pace 

per Acadasie Year 
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Numher of Total 
Graduate Student 
Credit Houra Pro- 
duced 
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uate) Office ^pace per 
Graduate Student 
Credit Hour 


Cost of Faculty (Grad- 
uate ,) Office Space per 

Iraduatn Student 

Seneister Hour 










Physics 










A 


166 


19 


3 , 15 >* 


te.75 


$ 8,673 


* 5,810 


2,135 


*2.72 


*2.72 


B 


lUo 


14 


1,960 


1.25 


2,450 


1,837 


1,690 


l.Od 


1.08 


C 


ISO 


12 


l, 4 Jt 0 


5.00 


7,200 


5,400 


1,295 


4.16 


4.16 


D 


120 


25 


3,000 


4.25 


12,750 


9,562 


2,221 


4.30 


4.30 


E 


125 


15 


1,875 


2.81 


5,268 


3,951 


1,917 


2.06 


2.06 


F 


125 


59 


‘^,797 


2.25 


10,793 


8,094 


10 , 4 l 4 


.78 


.78 


a 


120 


17 


2 , 0»»0 


4.00 


8,160 


6,120 


5,026 


1.22 


1.83 


H 


150 


15 


1,950 


5.40 


10,530 


7,897 


2,761 


2.86 


4.29 


I 


125 


25 


2,875 


4.00 


11,500 


8,625 


6,150 


1.40 


2.10 


j 


115 


28 


3,220 


3.36 


10,819 


8 ,U 4 


4,338 


1.87 


2.80 


K 


ISO 


30 


3,600 


4.00 


14,400 


10,800 


5,046 


2.14 


3.21 
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A 


166 


22 


3,652 


♦2.75 


* 10,045 


* 6,728 


2 ,l 4 l 


* 3.14 


*5.14 


B 


iko 


9 


1,260 


1.25 


1,575 


l,l 8 i 


431 


2.74 


2.74 


C 


120 


28 


3,360 


5.00 


16,800 


12,600 


3,647 


3.45 


3.45 


D 


120 


15 


1,800 


4.25 


7,650 


5,737 


2,054 


2.79 


2.79 


E 


125 


11 


1,375 


2.81 


3,865 


2,897 


2,867 


1.01 


1.01 


F 


125 


21 


2,583 


2.25 


5,811 


4,358 


3,407 


1.28 


1.28 


Q 


120 


15 


1,800 


4.00 


7,200 


5,400 


8,749 


.62 


.93 


H 


150 


18 


2,700 


5.40 


1^,580 


10,935 


2,558 


4.27 


6.40 


I 


125 


11 


1,375 


2.90 


3,987 


2,990 


1,660 


1.80 


2.70 


J 


115 


12 


1,380 


3.36 


4,636 


3,477 


872 


3.99 


5.98 


K 


120 


15 


1,800 


4.00 


7,200 


5,400 


4,861 


1.11 


1.66 










Sociology 










A 


166 


11 


1,826 


$2.75 


* 5,021 


* 3,364 


1,293 


*2.60 


*2.60 


6 


ll <0 


10 


1 ,J *00 


1.25 


1,750 


1,312 


882 


1.49 


1.49 


C 


120 


16 


1,920 


5.00 


9,600 


7,200 


3,297 


2.18 


2.18 


D 


120 


10 


1,200 


4.25 


5,100 


3,825 


2,630 


1.45 


1.45 


E 


125 


17 


2,125 


2.81 


5.-971 


4 ., 4 t 8 


5,874 


.76 


.76 


F 


125 


18 


2,214 


2.25 


4,981 


3,735 


2,892 


1.29 


1.29 


a 


120 


21 


2,520 


4.00 


10,080 


7,560 


8,243 


.92 


1.38 


H 


150 


11 


1,650 


5.40 


0,910 


6,682 


1,735 


3.85 


5*77 


I 


125 


23 


2,875 


1.70 


4,887 


3,665 


3,731 


.98 


1.47 


J 


115 


16 


1,840 


3.36 


6,182 


4,636 


7,867 


.59 


.88 


K 


120 


13 


1,560 


4.00 


6,240 


4,680 


5,455 


.86 


1.29 










EngUeh^ 










A 


166 


21 


3,486 


$2.75 


* 9,586 


* 6,422 


4,950 


■ *1.29 


*1.29 


B 


ll <0 


14 


1,960 


1.25 


2,450 


1,837 


3,241 


.57 


.57 


C 


120 


24 


2,880 


5.00 


14,400 


10,800 


6,197 


1.74 


1.74 


D 


120 


21 


2,520 


4.25 


10,710 


8,032 


4,777 


1.68 


1.68 


E 


125 


14 


1,750 


2.81 


4,917 


3,687 


3,203 


1.15 


1.15 


F 


125 


31 


3,815 


2.25 


8,579 


6,434 


5 , 4 l 6 


1.19 


1.19 


0 


120 


21 


2,520 


4.00 


10,080 


7,560 


11,507 


.66 


.99 


H 


150 


26 


3,900 


5.40 


21,060 


15,795 


5,410 


2.91 


4.36 


I 


125 


36 


4,500 


1.75 


7,875 


5,906 


9,695 


.60 


.90 


J 


115 


22 


2,530 


3.36 


8,500 


6,375 


5,260 


1.21 


1.81 


K 


120 


38 


4,560 


4.00 


1 B ,240 


13,680 


10,324 


1.32 


1.98 
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research credit hours earned by students are here classified as supplemental 
costs. All other costs are either specific to the course-taking phase or to 
the research phase of the Ph.D. 

The cost of administrative services incorporates administrative costs 
at the aggregate university level as ■well as at the departmental level. Total 
liniversity administrative expenses vere allocated to each graduate program 
vith the use of a ratio of departmental graduate student enrollment to total 
vmiversity enrollment. Departmental graduate administrative costs ■were al- 
located by using the percentage of total graduate faculty salaries of each 
department that corresponds to the average percentage of time spent by the 
graduate faculty on administrative duties. As shown in Table 9 , the graduate 
departmental share of the uni^versity's general administrative expense was 
added to the cost of graduate departmental administrative services. Then 
the total administrative cost of the graduate program was converted to a 
graduate student credit hour basis. 

The total annual cost of operating the university library was allocated 
to each graduate program in a manner analogous to the allocation of uni^versity 
general administrative expenditures, and library costs per graduate student 
credit hour are shown in column 13 of the Summary of Components of Y 3 Q 
(Table 18 of the Appendix). 

In regard to departmental overhead expenses the following procedures were 
followed. Departmental budgets for supplies, equipment, and clerical services 
■were first allocated between graduate and undergraduate enrollment in the 
department, and subsequently the graduate portion of those budgets was con- 
verted to a graduate student credit hour basis. The staff benefits cost con- 
sists of the university's contribution to staff benefits as an average per- 
centage of total graduate faculty salaries. Universities generally calculate 
estimates for their contribution to staff benefits as an average percentage 
of total salaries, and each university’s estimated average percentage was 
applied to total graduate faculty salaries of the four departments, and con- 
verted to a graduate student credit hour basis. 

t 

The estimating procedures applied to faculty office costs were described 
previously. Graduate faculty office costs are included as a supplemental 
cost because unlike classroom space and research space costs, the former must 
be allocated to both course and research credit hours. All supplemental costs 
are shown in columns 12-18 on the Summary of Components of Yac’ • (Table I 8 
of the Appendix) . 

Total fellowship funds of' departnients were also treated as a supplemental 
cost of the Ph.D. on the ground that society awards fellowships to students 
as an inducement to undertake graduate education. Objections may be raised 
at the inclusion of fellowship funds as they reflect neither the cost of a 
specific, tangible input of doctoral programs, nor the cost of students’ time 
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and effort. As noted before, the cost of inpats supplied by students is re- 
presented in the opportunity cost estimates, vhich were derived on the basis 
of fellovship data together vith other data on earnings of graduate students. 
The inclusion of fellowship funds in the total cost estimates of this study 
is based on the assumption that the absence of fellowships might result in 
unwillingness to invest in the Ph.D- on the part of some potential fellowship 
recipients. Without fellowships some students might reject the opportunity 
to attend graduate school irrespective of earnings possibilities in the form 
of teaching or research assistantships . Also the relative supply of graduate 
fellowships in a given discipline may well have some influence on the quantity 
and/or quality of students attracted to its graduate programs vs. graduate 
programs in disciplines with a larger or smaller supply of fellowships. Thus 
interpreted the fellowship cost represents a social cost of inducement into 
graduate education in general, or into a particular field of graduate education. 
Inasmuch as fellowship holders can complete the doctorate within a shorter 
period of time than teaching fellows and research assistants the fellowship 
cost may also be viewed as a social cost of accelerating the production of 
Ph.D.'s. 



In general only a fraction of the total number of graduate students in 
a department receive fellowship support. Total departmental fellowship funds 
of 1964-65 are allocated to the average cost of Ph.D.'s on a graduate student 
credit hour basis. Allocated in this manner the contribution of fellowships 
to the total cost of a Ph.D. may be viewed in the light of other component 
costs. Fellowship costs per credit hour are shown in column I5 of the Summary 
of Components of Yac table (Table 18 of the Appendix) . Total fellowship 
costs as an average percentage of Yg^, in the four disciplin«:s amount to the 
following: 



5.8^ in Physics 
8.9^ in Zoology 
8.4^ in Sociology 
6 , 2 $ in English 
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CHAPTER V 

THE FINDINGS ON COST —DISCUSSION AND STATISTICAL ANALYSIS 



Tvo sets of estimates are presented for total costs of Ph.D.’s: Yg^— 

the average total cost of a Ph.D. , and the sum of Yac and the opportunity 
cost. As seen in Table 5 the average Yac's for Sociology and for English 
are less than one -half of the average Yac’s for Physics and for Zoology, 
which are quite similar to each other. Furthermore, the average Yac for 
English is less than that for Sociology. Nevertheless, the ranges for Yac 
in the four disciplines overlap to some extent. 

When the opportunity cost is added to Yac^ differences between the total 
costs in the four disciplines change; the difference between average Yg^ in 
Physics and Zoology increases, and the differences between average Yg^ of the 
Natural Sciences on the one hand, and of Sociology and English on the other, 
decrease. These changes in the relative total social costs per Ph.D. in the 
four disciplines when opportunity costs are included result primarily from 
the difference in number of years required to cumplete the doctorate in 
the respective fields. 

An examination of the data presented in previous tables reveals that 
within each discipline there is considerable variation around the means of 
credit hour requirements, cost components, and the total cost of the Ph.D. 
Undoubtedly some of the variation in the cost estimates and in the many 
variables: upon which the cost estimates are based, is attributable to the 
heterogeneity of participating universities. However, there are additional 
factors which contribute to the variation of costs of a Ph.D. within as well 
as among disciplines. A number of variables were subjected to statistical 
analysis in order to determine the factors that are associated with inter- 
and Intradisciplinary variability of the cost of a Ph.D. The following 
analyses were carried out: 

(1) Comparison of cost within and among disciplines 

(2) Regression analysis of factors related to Yg^, 

(5) Analysis of curriculum differences and the effect of curriculum 
on the cost 

(i<-) Analysis of differences in research support, fellowship support, 
and the total research cost of the Ph.D. 



j (5) Analysis of time distribution data of graduate faculty 
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COMPARISON OF COST WITHIN AND AMONG DISCIPLINES 



Differences Among Discip].ines 

Since the average difference in Yac between any two disciplines ranged 
from about $ii-,000 to $ 25 , 000 , a series of tests were applied to examine the 



significance of 


these differences. 


The results 


ance are formulated 


as follows: 






where YacP 


= 


average cost 


of 


training a 


YacZ 


= 


avtu ;e cost 


of 


training a 


YacS 


= 


ave. -ge cost 


of 


training a 


YacE 


= 


average cost 


of 


training a 






YacP^ Yg^Z 


> 


YacS. Yq^E 


f 




YacP 




YacZ 






YacS 




YacE 



a = .05 

These equations indicated that at the 5^ confidence level Yac' s for both Physics 
and Zoology are significantly larger than the Yac’s for both Sociology and 
English. However, at the same confidence level, the difference in Yac between 
Physics and Zoology, and the difference between Sociology and English are not 
significant. 



Differences Between Public and Private Universities in Each Discipline 

An analysis of variance was carried out to examine the differences in 
total cost of the Ph.D. between departments of public and private universities 
in each discipline. In every discipline the differences in Yac between public 
and private universities were found to be not significant at the yjo level. 

The results are formulated as follows: 



Where: 



Yac Public 
Yac Private 



the average cost of training a Ph.D. in a given 
discipline at public universities 
the average cost of training a Ph.D. in a given 
discipline at private universities 
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Yg^, Public i> Ygc Private 



a = .05 



II'- 



True in each of the four disciplines. 



REGRESSION ANALYSIS OF FACTORS RELATED TO Y, 



ac 



Multiple and Partial Correlation Analysis of Different Variables Upon Yqq 

Within each discipline Yac varies widely from department to department. 

In order to explain the variation in Yao multiple and partial regression 
analyses were carried out to determine the degree of association of a number 
of variables with variation in the total cost of training a Ph.D. The multiple 
regression analysis was run to test the following hypotheses: 

1. Do graduate departments exhibit economies of scale, i.e., does 
the cost of a Ph.D. vary inversely with the number of graduate 
students enrolled in the department. 

2. Dc -rtain qualitative factors such as the faculty-student ratio 
and average faculty salaries show a relationship to Yac- 

5 . Is the extent to which a department engages in research positively 
reflected in Yqcj i.e., are such variables as volume of departmen- 
tal research expenditures and percentage of the faculty workweek 
devoted to research directly related to Yac. 

4 . Differences in the "representative curriculae" also cause variability 
in Ysq and this effect will be analyzed in a later section. 

The multiple correlation included six independent variables, namely: 

1. Size (expressed in terms of number of graduate students enrolled 
in a department) 

2. Faculty-student ratio 

5 . Average faculty salaries 

4 . Size of the total departmental research budget 

5. Average per cent of faculty workweek spent on research 

6. Total number of credit hours in the "representative curriculum" 

The results of the multiple and partial regression in the four disciplines are 
set I’orth below. 



Where: 



B = Dollar volume of annual departmental research budgets 
C = Size of curriculum in credit hows 

P - Average percent of time the graduate faculty spends on research 
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R = Ratio of faculty to students 

S = Size of department in terms of number of graduate students eni*olled 
W = Average salary of graduate faculty members 



Where a = .05 



Physics 

(a) YacP = - 



14-1,910 + .03(B) -213. 4(S) + 538.3(C) + 820.1(F) R = .887 
(.008) (45. 1|) (165.0) (383.8) 



I 



Zoology 



(b) Y„ Z 
ac 



.51,070 + .0U(B) + 7.3(W) - 1,091.9(P) 
(.019) (2.8) (589.*>) 



E = .679 



Sociology 



(c) ^acS 



English 



-82,179.7 + 5-3(W) + 521-5(0) - 165.9(3) 
(0.9) (121.5) (*>5.5) 



R = .856 



(a) Yao^ 



555.9 + 490.0(F) 
(257.4) 



E = .287 



Using the same data, partial correlation analysis “was carried out to test 
the net effect of each variable on Yqq. The relative strength of the simple 
and partial correlation coefficient can be compared for each explanatory vari- 
able . 



i 



SIMPLE AND PARTIAL CORRELATION COEFFICIEI^TS* 
Physics (df = 6) 





^ac 


s 


B 


P 




s 


-.23 








-.88 


B 


.68 


.29 






.84 


P 


-.01 


.14 


-.10 




.66 


C 


.36 


.66 


.50 


0 

(^J 

• 

1 


.80 



Figures in the triangular matrix are coefficients of simple correlation, rp 
is the partial correlation coefficient for the independent variable and Yac» 
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Zoology 



(df = 7) 





^ac 


B 


P 


r 

P 


B 


.59 






.62 


P 


.05 


.28 




^-.57 


W 


.58 


.31 


.57 


.70 




/.nT r\rr^T 




II 








S 


w 




S 


-.21 






CVI 

CO 

• 

1 


W 


.40 


.52 




.91 


G 


.22 


.22 


-.60 


.85 




As for the hypotheses 

1. Economies of scale appear to exist in Physics and Sociology, hut not 
in English. For Zoology S(size) enters the correlation after B,P, 
and W; it raises the R^from .679 to .'jk^y but there is a large drop 
in the F level. 



2. Concerning the relationship between certain qualitative factors and 

Yac- the faculty-student ratio did not enter into any of the regres- 
sion equations at a significant F level. Average faculty salary ac- 
counts for a certain percent of the variance in Yac in Zoology and 
Sociology: JQff) and 91^ respectively, when other variables are held 

constant. Average faculty salary played a very minor part in explain- 
ing the variance of Yqq in Physics. 

3. In Physics and Zoology total departmental research expenditures to- 
gether with percentage of faculty time devoted to research account 
for a substantial amount of variation in Yac- In Sociology neither 
the departmental research expenditures nor the percentage of faculty 
time spent on research helped to explain the variation in Yac* In 
English the percentage of faculty time spent on research is the only 
variable that entered into the multiple regression equation at a 
significant F level. 



Relationship Between Yg^, and Total Annual Expenditures Per Student 

In order to test the validity of the method used to calculate Yac. an 
alternative approach was used to calculate the total cost of training Ph.D.'s 
and the results of the two methods were compared. The same set of inputs is 
included^in both cost calculations, the difference being that Yg^ is based on 
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the cost of the "representative curriculura* whereas the alternative approach 
is based on a figure representing total annual expenditvres per student. This 
figure is derived by dividing the 1964-65 cost of all allocated inputs of e-ich 
department’s doctoral program by its 1964-65 total graduate enrollment. Thl3 
figure included the portion of faculty salaries allocated to graduate training, 
the allocated portion of the research budgets, the annual cost of utilizing 
physical facilities, and the corresponding supplemental costs. 

Columns 7 snd 8 in Table 3 show the total annual expenditures per graduate 
student for 1964-65 and Yac for each department in each discipline, and Figure 
2 (scatter diagram) presents the relationship between total yearly expjenditures 
per student and Yac- This relationship is further elaborated in Table 10 which 
presents estimated time spent on the doctorate in comparison to average actual 
time spent on the doctorate for each discipline. The estimated figure is der- 
ived simply by dividing total annual expenditures per student (E/S) into the 
total cost per Ph.D. (Yac)* Table 3 shows /that for Physics and Zoology the 
average estimated time is a close approximation of average actual time spent 
on the doctorate, whereas for Sociology and English, the estimated time is 
only roughly one-half of the average actual time. The above differences are 
believed to be related to the fact that the concept of fully-enrol 3 .ed student 
is more applicable to graduate students in the Sciences, and is applicable 
to more years of graduate study in the Sciences than is the case in Sociology 
and English. 



TABLE 10 



BELATIONSHIP BETWEEN ESTIMATED TIME AND AVERAGE 
ACTUAL TBIE SPENT ON THE DOCTORATE 



Total Annual 
Discipline Expenditures 
per Student 



Average Estimated 
Time for the 
Doctorate 
(years) 



Average Actual 
Time Spent on 
the Doctorate 



(years) 



Sociology 

English 



Physics 

Zoology 



$6,06l $36,934 
$ 5,645 $32,511 
$ 4,864 $15,970 
$3,283 $11,098 



6.02 

5.82 

5.55 

4.42 



5.9 

6.7 

7.4 

8.3 



For each discipline separately and also for the forty-four departments 
as o2ie group a simple correlation analysis between E/S and Yqq was run, and 
the following coefficieits of determination were obtained: 
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Figure 2. Relationship hetveen and 
total annual expenditures per student. 
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4 i|- departments: 


r 2 = 


.341 


Physics 


= 


.514 


Zoology 


r 2 = 


.196 


Sociology 


r2 = 


.093 


English 


= 


.041 



g 



On the scatter diagram there are three cases which do not conform to the general 
trend. When these three departments are omitted from the correlation analysis 
an R" of .557 is obtained for i<-l departments. The nonconforming departments 
consist of one department in Physics, one in Zoology, and one in Sociology. 

-As for the s for individual disciplines, the degree of association between 
total annual expenditures per student and the total cost per Ph.D. is by far 
the strongest in Physics. 

The following inference may be dra\ n from the above analysis: Given the 

current state of record keeping on graduate programs, measurement of by 
means of total yearly expenditures per student, will yield estimates which are 
considerably less accurate than those derived with the use of curriculum cost 
analysis. It appears that the degree of association between S/S and Yqq for 
a given department tends to be weakened by two types of factors: 

( 1 ) The inadeciuacy of graduate enrollment data. More specifically, 

(a) the inability of departments to convert the number of enrolled 
graduate students into full-time -equivalent graduate students, 
and 

(b) the inability of departments to cl.assify enrolled graduate 
students by level of graduate study. 

(2) An inequality (which frequently cannot be specified) between im- 
ported and exported graduate student credit hours of a graduate 
program. Imported graduate student credit hours are those earned 
by a given department's graduate students in other departments 
Exported graduate student credit hours are those produced by a 
graduate department for students other than its own graduate stu- 
dents . 



On the assumption that there will be continued improvement in the quality 
and quantity of information both on graduate departmental enrollments and on 
graduate departmental credit hour production, the e/S approach may be developed 
into an alternative method of approximating the total cost of Ph.D.'s, At 
the present time, however, the state of record keeping on doctoral programs 
appears to rule out any meaningful application of this approach. 
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ANALYSIS OF CUBEICULUM DIFFERENCES AND THE EFFECT OF CURRICULUM ON COSP 



The Effect of Curriculum Differences on Cost 

Differences in the "representative curriculum" of departments vithin the 
same discipline constitute one source of variation in Yac. There are two ways 
in which the "representative curriculae" can differ; 

(1) Differences in the number of total credit hours earned by a sample 
of Ph.D. recipients. 

(2) Differences in the distribution of total credit hours between 
course credit hours and research credit hours. 



In order to remove the effect of curriculum differences on a constant 
curriculum w<js calculated for each discipline. This consists of an average 
of the "representative curriculea" of all departments in a given discipline 
with respect to both total number and distribution of credit hours. Then 
Yg„ was recalculated applying the constant curriculum to each department 
within a discipline. The constant curriculum cost per Ph.D. is called Y^c* 

A simple correlation between Yqq and Yqq for all departments in each dis- 
cipline shows the net effect of curriculum differences on the total cost per 
Ph.D. The results are given in Table 11 

TABLE 11 



THE EFFECT OP CURRICULUM DIFFERENCES ON VARIATION IN Yac 



Discipline 


Correlation 
between 
Yqq and 


Curriculum 

Influence 

^ac 


Physics 


.698 


30 . 25 t 


Zoology 


.874 


12 . 6 jt 


Sociology 


.713 


28.756 


English 


.409 


59.156 



Where: 

Xq c Cost of producing a course credit hovr per student 
Xj, » Cost of producing a research credit hour per student 






1 



« Numher of course ciredit hours in the curriculum 
Cj* =s Numher of research credit hours in the curriculum 
Yqq * Cost of training a Fh»D» based on variable curriculum 
Yqq • Cost of training a Ph.D. based on constant curriculum 

(.) Xcj 0,^ . 
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Differences in Curriculae 

An analysis of variance was carried out to test whether curriculum dif- 
ferences among the disciplines are significant. The results showed that at 
the 5^ level none of the curriculum differences between disciplines are 
significant. 

Further analyses of variance were carried out to test if there were 
statistically significant curriculum differences between the public and 
private universities in any one discipline . With respect to both total 
credit hours and research or thesis credit hours, there were no significant 
differences between the curriculae of public and private universities for 
any of the four disciplines at the 5^ level. With respect to course credit 
hours, the a /erage for Zoology departments in public universities was sig- 
larger than the average, foi* private universities, but similar 
differences were not significant in the other three disciplines. 



ANALYSIS OF ESBEARCH S^JPPOBT, FELLOWSHIP SUPPORT, AND THE RESEARCH COST 
OF THE Ph.D, 



Research Support 



An analysis of variance was carried out to test the significance of 
the differences in research support among the three disciplines having re- 
search funds, i.e.. Physics, Zoology, and Sociology. All differences among 
the three disciplines were found to be significant at the 5^ level. This 
can be formulated as follows: 

Where: 

Bp = average total research funds for Physics departments 

= average total research funds for Zoology departments 

Bs = average total research funds for Sociology departments 

Bp > > Bg a = .05 



With respect to differences between research funds of public and private 
universities, an analysis of variance showed that Zoology departments in pri- 
vate universities had a significantly larger volume of funds than those in 
public universities. However, the differences in the othei- disciplines were 
not significant at the 5^ level. 
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Fellowship Support 



Analysis of variance was used to examine the differences in total fellow- 
ship support received hy the departments in each discipline. It was found 
that at the 5^ level, departments in any given discipline did not differ sig- 
nificantly from departments in any other discipline with respect to the total 
fellowship support received hy their students. 






A similar test was employed to study the differences in fellowship support 
between public and private institutions. Both the Zoology and English de- 
partments of private universities received significantly larger amounts of 
fellowship support than the departments of public universities. However, 
in Physics and Sociology similar differences were not significant at the 5^ 
level. 



The Research Cost of the Ph.D. 

Analyses of variance were used to examine the differences in the average 
cost of the research phase of the PhoD. among the four disciplines. These 
tests showed that at the level, the average costs of the research phase 
in Physics and Zoology are significantly higher than the corresponding costs 
in Sociology and English. However, neither the difference in research cost 
between Physics and Zoology, nor the difference in research cost between 
Sociology and English, were significant. These results are formulated as 
follows : 

Where: 

Rp = cost of the research phase of the Ph.D. in Physics 

Rg = cost of the research phase of the Ph.D. in Zoology 

Rg = cost of the research phase of the Ph.D. in Sociology 






Rg = cost of the research phase of the Ph.D. in English 

Rp, R^ > Rg, Rg 

Rg ^ Rg 

a = .05 

Another analysis of variance was carried out to examine the differences 
in cost of the research phase between public and private universities in the 
same discipline. At the yf> level it was found that in all disciplines there 
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were no significant differences in cost of the research phase between de- 
partments in public universities and in private universities. 



i 

I 



ANALYSIS OF LENG^rH OF THE WORKWEEK AND TIME DISTRIBUTION OF THE GRADUATE FACULTY 

Analysis of variance was used to examine differences in length of the 
workweek of graduate faculty in the four disciplines. It was found that at 
the 5^ level there were no significant differences in average number of hours 
worked per week by graduate faculty in the four disciplines. 



The same type of test was used to determine whether workweeks differed 
significantly between departments of public and private universities in each 
discipline. It was found that at the 5^ level the differences were not sig- 
nificant in any discipline. The average length of the workweek in the four 
disciplines ranges from approximately 5^ to 56 hours. 
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Faculty time distribution data are frequently criticized as being arbitrary 
and unreliable both by the faculty members who are suppliers of the data and 
by institutional researchers who are the compilers and potential users of the 
data. If it is legitimate to assume that the greater the uniformity of the 
data gathered from graduate faculty of different disciplines and universities 
the greater the likelihood that they are descriptive of actual time patterns 
of professional activities, the compiled data may be less subjective in nature 
than is generally assumed. The faculty time distribution data compiled in 
this study are presented in Table 2 and on Figures 3 and 4 in the Appendix. 

A different set of data on faculty time distribution was compiled as part of 
the 1964 Cartter study on quality in graduate education. Table 12 presents 
a comparison of Cartter’ s data and my lata for the four disciplines in question. 
Cartter’ s d,ata were gathered from IO6 universities and from one to four faculty 
members of each department, with the departmental chairman always included. 

The fact that Cartter’ s data on "all respondents" are heavily weighted with 
responses from departmental chairmen accounts for the fact that his figures 
are consistently higher on administration and consistently lower on research. 
Generally speaking the time division patterns outlined by the two sets of 
data show a fair amount of correspondence. 

Assuming that the reported cost estimates present a reasonably accurate 
picture of the costs of Ph.D's at the time these estimates were made, one may 
question the extent to which the estimates lend themselves to extrapolation 
into the future . The estimates are based on representative curriculae of 
graduate students who received their doctorates between I958 and 196k, and 
on financial data of the year 1964 - 65 . Irrespective of possible revision of 
"representative curriculae" the estimates will become outdat<,^d rapidly if costs 
of higher education rise at the rate at which they have increased in the last 
two decades. If the Yg^’ s of the four disciplines are equally affected by 
future price increases the estimates are somewhat more reliable in providing 
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perspective on reTotive costs of Ph.D.'s in four disciplines, than they are 
in defining the range of absolute costs which may prevail in future years. 



TABLE 12 



DIVISION OF TB#] FOR PROFESSIONAL ACTIVITIES 






(Comparison of Data in Cartter's Study and in This Study*) 

(in percent) 







Instruction 




Research 


Adminis- 

tration 




All Respondents 


Under- 

graduate 


Graduate 


Total 


and 

Writing 


Other 


Physics: 


Cartter Study 


19 


28 


^7 


23 


22 


8 


This Study 


16 


30 


46 


39 


11 


5 


Zoology: 


Cartter Study 


26 


21 


47 


26 


21 


7 


This Study 


19 


21 


40 


36 


15 


10 


Sociology: 


Cartter Study 


25 


23 


46 


26 


19 


9‘ 


This Study 


17 


25 


42 


35 


15 


9 


English: 


Cartter Study 


25 


2A 


49 


19 


26 


7 


This Study 


28 


27 


55 


22 


17 


6 



*Since the Cartter study used a questionnaire which was phrased somewhat dif- 
ferently fi*om ours, two categories on his questionnaire and two categories 
on our questionnaire had to he combined to make the two sets of data com- 
parable. The above table is based on combining the data on "Other Profes- 
siona?," and "Other" compiled in Cartter's study and on combining the data on 
"Graduate Instruction" and "Graduate Student Supervision" compiled in this 
study. 



No hypotheses were formulated regarding the level of costs of graduate 
education prior to the undertaking of this study. No attempt was made to 
demonstrate either that graduate education is expensive or that the cost of 
graduate education is reasonable, or that graduate students in the sciences 
should be charged higher fees than those in Sociology and English. If the 
estimates here presented are biased in any direction they are likely to be 
conservative. In all cases where the information was either questionable or 
incomplete. The most conservative of alternative methods were used to derive 
imputations . 
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CHAPTER VI 



RATES OF RETURN 



This chapter reports the procedure • and findings of the rate of return 
anai.ysis. So far 'this report has dealt almost exclusively with the deriva- 
tion, analysis, and disc’jssion of total social costs of graduate education 
In four disciplines. Society’s total investment in graduate education com- 
prises the dollar value of all inputs that enter into doctoral programs thus 
included in ’Iqc ^nd the opportunity cost. Estimation of the monetary invest- 
ment yields to society is based on the total social costs of Ph.D.’s together 
with hefore-tax net salary differentials associated with graduate education 
of Ph.D.’s. This chapter proceeds as follows: (l) Incorporation of cost 

into the rate of return analysis, (2) Derivation of lifetime net salary dif- 
ferentials, (5) Estimating the rates of return, ( 4 ) The findings, and (5) 
Discussion of the findings. 

INCORPORATION OF COST INTO THE RATE OF RETURN ANALYSIS 

In previous chapters the average total social cost of a Ph.D. and the 
investment period of the Ph.D. in four disciplines verS specified. The in- 
vestment period for a discipline is taken to be the average number of years 
spent on the doctorate in the surveyed university departments of that par- 
ticular discipline. The first step in the rate of return computations is to 
convert the average total social cost for each of the four disciplines into 
present value cost streams. The following is one of Becker’s formulas adapted 
to the present purpose*: 



(l+r)j 



C = the present value of the total social cost of the Ph.D. 

% 

n' = the average number of years spent in obtaining the Ph.D.-l 

^Gary S. Becker, H uman Capital , New York, 1964, p. ^ 8 , equation I 8 . 

**The cost stream starts with year 0, because cost in the first year should not 
be discounted. Thus n’ becomes average number of years spent in obtaining 
the Ph.D.-l. 



11 ' 

^ = I 

j=0 



Where: 



51 









=iXa?fflBK 



J = ar^ year from 0 through n’ 

Cj = the cost of training a Ph.D. in year j 

r = the market discount rate (assumed to be 5 ^ throughout the investment 
period) 



The assumption that cost outlays per year are constant over the entire 
period of graduate training is ' implicit in the discounted cost stream. Other 
parts of the study suggest that costs are lower in initial years and rise dur- 
ing the latter part of graduate education. However, to arrive at an empirical 
distribution of the total social costs of the Ph.D. over the specified invest- 
ment period, would have required types of data that were not avaixable . 

It should be noted also that returns to the investment in Ph.D.'s as 
measured in this analysis do not begin to accrue until the total investment 
is completed, i.e., the conferment of the Ph.D. degree. Measurement of the 
yield. starts in period 1 which is +he first year after completion of the 
doctorate. In fact, returns may in some cases be realized before completion 
of the Ph.D. degree, as for example by those who take full-time jobs in the 
profession prior to receipt cf the degree. As mentioned earlier, this phe- 
nomenon occurs with greater frequency in some disciplines than in others. 

Such returns have been taken into account to a certain extent, as vjss explained 
in the discussion of opportunity cost estimates. 

It should be mentioned furthermore, that the opportunity cost portion of 
the total social cost of Ph.D.’s is derived on the basis of the same source 
of cross sectional salary dat:’ for bachelor degree holders which are used in 
the estimation of lifetime earnings differentials between terminal Bachelor 
and Ph.D. degree holders. Rat^s of return can also be calculated on the 
basis of Yqc only, with allowanc'e for opportunity costs by means of negative 
earnings differentials between Bachelor degree holders and Ph.D.'s during the 
latter's period of graduate training. 



DERIVATION OF LIFETIME NET SALARY DIFFERENT lAIS 

In his study, returns on the investment in Ph.D.'s are measured over 
the following period: (a) it is assumed that earnings of the Ph.D. in a 
given field start at age 22 + the average number of years spent on obtaining 
the doctorate in that discipline; and (b) it is assumed that Ph.D.'s continue 
to earn salaries until age 65. With these two assumptions the boundaries of 
the income streams of Ph.D.'s become defined. 

The basic source of salary data used in this analysis is the National 
Science Foundation' s National Register of Scientific and Technic^ Persoimel, 
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196^ « More spec?-fically, the data 'compiled for Physics, Biological Sciences, 
Sociology, and Linguistics -were used in the rate of return estimates. The 
eai^nings of Zoologists are included in the Register hut not separately pre- 
sented and analyzed from earnings of Biological Scientists. It is assumed 
that use of salary data on Biological Scientists in general, rather than on 
Zbol6gists:.'.in particular, will not distort the results of the analysis. 

Salary figures on Linguistics were used to estimate earnings streams for the 
English profession for two reasons: (l) in order to make the rate of return 

estimates consistent for the four professions it seemed desirable to base 
lifetime earnings streams in the four fields on salary data from the same 
source; and (2) Linguistics is the only profession included in the 1964 Register 
whose salaries may be assumed to he reasonably close to the English profession. 
Crude comparisons of earnings of Linguists as reported in the 1964 Itegister 
with other data on earnings in the English profession suggest that the dis- 
crepancies in salaries of the two groups may be very minor. Nevertheless, the 
use' salary data of a profession other than the one whose rate of return 
is beijng calculated constitutes a regretable deficiency. 

The National Register presents median annual salaries for scientists 
by discipline, highest degree, age, years of experience, type of employer, 
work activity, and a number of other characteristics of scientists. Dis- 
ciplines vary with respect to the number of years they have been ^ rcluded in 
the Register and also in coverage. Sociology and Linguistics were included 
for the first time in the 1964- Register, which could imply more limited cover- 
age for those two fields than for others which had participated in a number 
of previous N.S.F. salary surveys. Natiarally disciplines also vary in size, 
i.e., number of scientists in any given discipline. According to inclusion 
of number of scientists in the 1964- Register Chemists constitute the largest 
group and Linguists the smallest. 

\ 

Certain limitations are inherent in the National Register* s salary data 
such as: unknown biases resulting from voluntary participation, incomplete 

information, i.e., possibly inadequate inclusion of irregular types of earn- 
ings such as royalties, consulting fees, siammer earnings of academic scien- 
tists, etc., and the presentation of all salary statistics in the form of 
medians only,* As is true of most data, the Register data are deficient in 



*H.S. Houthakker argues that median incomes are not appropriate for estimating 
lifetime income streams and Edward F. Renshaw argues for the use of median 
income differentials. See: H. F.. Houthakker, '‘Education and Income," Review 
of Economics and Statistics, February, 1959^ PP* 24-28, and Edward F. Renshaw, 
"Estimating the Returns to Education," Review of Economics and Statistics , 
August, i960, pp. 518-528. At any rate, there was no choice as far as this 
study is concerned because median salaries of professionals constitute the 
only form of earnings datr available. 
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some way relative to what is required for a particular purpose or analysis. 

With respect to the. present study the National Register salary data represent 
first and foremost a very important asset. In fact, it constitutes the only 
source of iater-professionally comparable data on salaries of professionals with 
Ph.D.’s, also reporting a set of additional and important facts on the included 

scientists. 

The two main shortcomings of the N.S.F. data for the purpose of estimat- 
ing rates of return on the investment in Ph.D.’.s are the following, the- Reg- 
ister provides no information' on starting salaries; and all the published data 
are presented in t'wo-dimensional form, i.e., salary is related to a single 
characteristic whereas this study requires more detail on the relationship 
between age, education, and earnings. A further limitation relates to the 
fact that all- cross sectional data are presented with respect to defined inter- 
vals. These intervals may or may not represent natural cutting points, but 
in either case one is forced to work with the intervals as given. 

A description follows of the ways in which the K.S.F. data were adapted 
for use in this study. The task of estimating rates of return requires two 
representative lifetime earnings streams, namely, one for terminal bachelor 
degree holders, and one for Ph.D.’s for each discipline. Given the above 
limitations of the data, a procedure had to be developed for projecting sepa- 
rately the growth of salary over the working life, of terminal bachelor degree 
holders and for that of Ph.D.’s, utilizing the N.S.F. cross sectional data 
both for deriving starting salaries and for deriving earnings profiles related 
to the starting salaries, for both groups. It must be restated that the ^ 
National Register does not present separate sets of cross sectional earnings 
statistics for terminal bachelor degree holders and Ph.D.’s in any discipline. 



Deri'vation of Starting Salaries 

The terminal Bachelor degree holder and the Ph.D. begin to earn salaries 
at a different age. The terminal Bachelor degree holder begins his earning 
period at the assumed age of 22. The Ph.D. begins to earn his salary at the 
assumed age of 22 + n years, or at age 22 + the average number of years spent 
on a Ph.D. in his particular discipline. This age of 22 + n years will be 
referred to as the assumed ’’professional age. As noted earlier, uhe negative 
differential in earnings realized by the terminal Bachelor degree holder and ^ 
the potential Ph.D., during the years preceding the "professional age, has 
been accounted for in the opportunity cost estimates. For the purpose of 
estimating rates of return, measurement of the lifetime net earnings dif- 
ferential between terminal Bachelors and Ph.D.'s commences at the assumed 
professional age" of each discipline. 

The starting salaries of terminal Bachelors and Ph.D.'s of each discipline 
were deteimined with the use of N.S.F. cross sectional data on median annual 
salaries by age. For the terminal Bachelor in a particular discipline the 
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ni6dian annui*l salary of all scisutists in that discipline in the age group 
of 20-2k was assumed to he the starting salary. Considering the number of 
years required to obtain a Ph.D. degree in any discipline, it is unlikely 
that this age group includes Ph.D.'s. However, the age group 20-e.h may 
contain soma professionals without a Bachelor degree and some with education 
beyond the Bachelor. Conceivably the net effect on salary woiold be .neutral. 

The median annual salary of all scientists in a discipline, in tne age 
group which includes "the assumed professional age," is assumed to be the 
starting salary for the Ph.D. This selection of starting salaries for 
Doctorate holders may be justified with the assumption that initial salaries 
of Ph.D.’s are probably comparable to those of others in the ^ same profession 
and age group, who have less education but more experience. 



Developing the Earnings Profiles 

Given the above derivation of starting salaries, earnings profiles were 
projected using an index based on cross sectional sala.ry data not by age but 
by years of. professional experience for each discipline. In the absence of 
a separate set of cross sectional salary data for terminal Bachelors and 
Ph.D.’s in each discipline it was necessary to assume that an index of salary 
growth based on a single earnings profile of the profession, when applied to 
the starting salaries of both termini! Bachelors and Ph.D.’s would reflect 
with reasonable accuracy the actual difference in earnings prof.:.les of the 
two groups. The salary growth index was taken from the N.S.F. cross sectional 
data for incomes by years of professional experience for all scientists in 
a given discipline. The N.S.F. data a're presented in the form of median 
annual salaries of professionals grouped by intervals which are based on^ 
years of experience. The median annual salary of each interval was applied 
equally to each year contained in the interval. The index was derived simply 
by dividing the salary of any interval by the salary of the first interval, 
i.e., the median annual salary earned at one year of experience. Thus the 
index represents the ratio of salary earned in any interval to the median 
annual starting salary. The N.S.F. cross ectional data and the resulting 
index for each discipline are shown in Table 15 . 

It shoul.d be noted that applying the same index to both groups does 
not result in equal increments in income growth over the working life of 
terminal Bachelors and Ph.D.'s for the following reasons: (l) for any age 

from "the assumed professional age" until income has rached its peak for 
the Ph.D. the index number applied to the starting salary is different for 
both groups; and (2) the starting salaries of the two groups are different. 

Given the starting salaries for both groups and the index for salary 
growth, earnings profiles can be constructed for both terminal Bachelors and 
for Ph.D.’s. For both groups the index number corresponding to appropriate 
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TABLE 15 



SALARY GROWTH INDICES AND SUPPORTING DATA 



Discipline 


Number of Years of Professional Experience 


1 


2-il- 


5-9 


10 - 


15-19 


20+ 


PHYSICS 

All Professionals: 




- * 










Median Salary* 


$8,100 


$8,600 


$10,700 


$13,500 


$l4,6oo 

1.80 


$15,200 

1.88 


Salary Growth Index** 


1.00 


1.06 


1.52 


1.67 


ZOOLOGY 

All Professionals: 




" 






• 




Median Salary 
Salary Growth Index 


$7,200 

1.00 


$7,500 

l.Oij- 


$9,200 

1.28 


$11,000 

1.55 


$12,400' 

1.72 


$14, 100 
1.96 


SOCIOLOGY 
All Professionals: 


« 












Median Salary 
Salary Growth Index 


$7,500 

1.00 


$8,100 

1.08 


$9,000 

1.20 


$10,200 

1.36 


$11,200 

1.49 


$12,500 

1.67 


ENGLISH 

All Professionals: 














Median Salary 
Salary Growth Index 


$6,500 

1.00 


$7,100 

1.09 


$8,000 

1.25 


$ 9,200 
1.^2 


$10,000 

1.5^ 


$12,400 

1.91 



*Source: "Median Annual Salaries of Full-Time Employed Civilian Scientists; 

By Field and Years of Professional Experience," Table 19, National 

Register. 



" ^Ratio of the salary for each interval to the salary of the first interval. 
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exptsrlence intervals was multiplied by the respective starting salary, for 
each year from the "assumed professional age" to age 65 * Thus a separate 
income" prv tile is produced for the working life of terminal Bachelors and 
Ph.D.'s of the same profession. Table l4 and Figure 5 in the Appendix show 
the two earnings profiles for each discipline. The earnings profiles of 
terminal Bachelors and Ph.D.’s in the same discipline were then expanded 
into lifetime earnings streams, which yield a stream of annual earnings dif 
ferentials. The stream of annual before -tax earnings differentials when 
adjusted with mortality statistics, is taken to be the direct monetary 
yield to society on the investment in a. Ph.D. 






I 

! 

I 



ESTIMATING THE RATES OF RETURN 



In measuring the invesbmeno yields of graduate education the approach 
followed here involves calculation of internal rates of return. The internal 
rate of return is that rate of discount that equates the present value of the 
cost stream with the present value of the stream of earnings differentials. 

In the context of this study the cost stream represents the total social costs 
of training Ph.D.’s and the stream of salary differentials represents the life- 
time, before-tax net earnings differences between terminal Bachelors and Ph.D.'s. 
The formula used in the computations was again taken from Becker' s chapter on 
Rates of Return,* which is as follows: 



C 



n 






(l+r)' 



where in any given discipline: 



C = the present value of the total social cost of the Ph.D. 

n = length of post-Ph.D. employment, i.e., the earnings period of 
the Ph.D. in years 

k. = the annual salary differential between a terminal Bachelor and 
a Ph.D. in period j. \ 

j = any year from 1 to n 

r = the internal social rate of return on society's total investment 
in a Ph.D. 



I 



*op. cit., p. 39> Formula (21). 
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TABLE Ik 



PROJECTED EARNINGS PROFILES 



Number of Year s of Professional Experience 



Discipline 


1 


2-4 


' 5-9 


10-14 


15-19 


20+ 


PHYSICS 

Bachelor 


Age* 

Salary** 


(28) 

$ 7,*W0 


(23-25) 

$ 7,844- 


(26-30) 
$ 9,768 


(31-35) 

$12,558 


(36-40) 

$15,320 


(41-65) 

$15,900 


Ph.D. 


Age* 

Salary** 


(28) 

$io,6oo 


(29-51) 

$11,236 


(32-36) 

$15,992 


(37-‘n) 

$17,702 


(42-46) 

$19,080 


(47-63) 

$19,928 


ZOOIOGY 

Bachelor 


Age 

Salary 


(28) 

$ 5,000 


(83-25) 
$ 5,200 


. (26-30) 
$ 6,400 


(51-55) 
$ 7,650 


(36-40) 
$ 8,600 


(41-65) 
$ 9,800 


Ph.D. 


Age 

Salary 


(29) 

$ 8,1)00 


(50-32) 

$ 8,736 


(35-37) 

$10,752 


(38-42) 

$12,852 


(43-47) 

$l4,448 


(48-65) 

$16,464 


SOCIOLOGY 

Bachelor 


Age 

Salary 


(28) 

$ 7,100 


(23-25) 
$ 7,668 


(26-30) 
$ 8,520 


(31-35) 
$ 9,656 


(36-40) 

$10,579 


(41-65) 

$11,857 


Ph.D. 


Age 

Salary 


(29) 

$ 8,500 


(30-32) 
$ 9,180 


(33-37) 

$10,200 


(38-42) 

$11,560 


(45-47) 

$12,665 


(48-65) 

$14,195 


ENGLISH 

Bachelor 


Age 

Salary 


(28) 

$ 6,500 


(23-25) 
$ 6,867 


(26-30) 
$ 7,749 


(31-35) 

$ 8,946 


(56-40) 
$ 9,702 


(41-65) 

$12,053 


Ph.D. 


Age 

Salary 


(30) 

$ 7,500 


(31-35) 
$ 8,175 


(54-38) 
$ 9,225 


( 39 - 43 ) 

$10,650 


(44-48) 

$11,550 


(49-65) 

$ 14,325 



*Assmes Bachelor has one year of e^qoerience at age 22; Ph.B. has one year oi ex- 
perience at age 22+n (n = time required tc earn a Ph.D.). Assumed starting sal- 
aries are derived from Table l6;» 19^^ National Register ^ Median ^nual Sal- 
aries of Full-Time Employed Civilian Scientists; By Field and Age." 

^«*Salaries are projected by applying the salary growth indices (Table 15) to as- 
sumed starting salaries. 





Becker’ s formula vas nodified somevhat to reflect the prohahility that a 
Ph.D. will continue to earn until age 65 . For this, the salary differential 
of each, year of the earnings period was adjusted with mortality statistics®* 
Thus the formula actually employed is as follows; 



where: 




^,1 ^ 

( 1 +r ^ J 



Pjjj = the probability of surviving at least one year at age m. 
m = the age which corresponds to year j in the earnings period 



Basically, estimates of the internal rates of return for comparative purposes 
between disciplines as well as for alternative fields of employment within 
each discipline were developed with the same procedure. 



THE nmims 

Different versions of the rates of return were calculated using different 
sets of values for kj (i.e., the salary differential). The alternative sets 
of values for kj are utilized by computational methods of varying degrees of 
sophistication. The different versions of rates of return for each discipline 
are shown on Table 15 » 

The least refined method of computation uses non-cross sectional data, 
i.e., the difference between median annual salaries of terminal Bachelors and 
Ph.D.’s irrespective of age and years of experience. This method is based 
on the assumption that the same median annual salary difierential applies to 
terminal Bachelors and Ph.D.’s of all ages snd years of experience and to each 
working year comprised by the post-Ph.D. earnings period. All rates of return 
computed with non-cross sectional data were calculated with the use of the 
following formula ; 

r = - 

“ C 




*U.S. Department of Health, Education, and Welfare, Public Health Service 
National Office of Vital Statistics, "United States Life Table, 1949-1951/’ 
Vital Sta tistics Special Reports , XLI, No. 1 (November 2?, 1954), pp. 10-11. 
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vhere 

r. = the rate of return 

k = the difference in median annual salaries of Bachelors and Ph.D.’s 
in any year 

» 

C = total social cost of training a Ph.D. , 



The internal rates of return derived hy means of this method are labeled set III 
on Table 15 and are presented for purposes of comparison with internal rates 
of return developed from more refined sets of salary data. Also, set III of 
the rates of return may be compared with the rates of return computed for alter- 
native type = of employment within each discipline, which by necessity had to 
be based on non-cross sectional salary differentials. 

A somewhat more refined approach makes use of the earnings profiles which 
were described earlier. This method comulates and sverages the stream of an- 
nual salary differentials realized over the working life of the Ph.D., and 
assumes that k^ is constant over the doctorate's earnings period. The result- 
ing internal rates of return are labeled set I on Table 15 and are based on 
a variation of Becker's formula: 




where : 

C = total social cost of training a Ph.D. 

k 4 = average difference in median annual salaries of Bachelors and 
Ph.D.’s (mortality adjusted) 

n = period of post -Ph.D. employment 

r = the internal rate of return 



I The second approach just described suggests itself because it makes the 

computation of internal rates of return manageable without resort to data 
9 processing. However, with respect to utilization of the projected earnings 

I profiles this method has its shortcomings. The main one of these is that as 

shows, by the earnings profiles, the yearly salary differentials over working 
I lives bear little resemblance to streams of uniform earnings differences. 

§ Salary differentials derived from the earnings profiles start out at a rela- 

tively low level and continue to grow over the working life. Thus, rates of 
f return based on the above method have a consistent upward bias, because the 

6l 
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discounting procedures by vhich estimated lifetime income differences are con- 
verted to present values attach more weight to income differentials realized 
early in life than to those realized later on. 



The third and most refined approach utilizes the actual income differentials 
realized each year in the sequence in which they occur in the earnings profiles. 
This approach utilizes the derived salary differences with the greatest preci- 
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The salary data for Physicists compiled in .the 1961^ Register were published 
in greater detail and with more comprehensive cross -tabulations through the 
initiative of the American Institute of Physics .** This supplemental source 
of salary information on Physicists provides an opportunity to calculate rates 
of return for Physicists based on more refined data than the internal rates 
of return derived from the 1961<- Register data. The information published in 
Physics Today provides separate sets of cross sectional salary data by years 
of experience for terminal Bachelors and for Ph.D.’s in different types of 
employment. The strongest feature of the Physics Today article from our view- 
point lies Jn the fact that in presenting separate earnings profiles for ter- 
minal Bachelor^ and Ph.D.'s it throws some light on the hypothetical element 
inherent in our own profiles. The Physics Today earnings streams differ from 
those projected for this study in that they yield a smaller total lifetime and 
average annual income differential for the two groups under comparison. This 
difference makes for lower rates of return for Physicists in sets I and II 
when computed with Physics Today data than when computed with 1964 Register 
data. Although the Physics Today rates of return are probably the most reli- 
able of all the rates presented, 5.t should not be generalized that more detailed 
salary data, for the other disciplines would necessarily yield lower rates of 
return than those here presented. The direction of possible bias in rates of 
return for the other disciplines has yet to be determined. 



One objective of the present study is to differentiate between rates 
of return to a Ph.D. in a given discipline by types of employment which 
avail themselves to the doctorate holder. The 1964 Register provides data 
on median annual salaries of professionals by degree and type of employment 
such ss: industry, academic, and federal governmentj however these salary 

statistics are not presented in cross sectional form. Though the rates of 
return by type of employmen'., derived from non-cross sectional data are of 
some use for intradisciplinary employment comparisons, the types of data 
utilized in calculating these rates do not facilitate a reliable measure 
of the absolute level for these rates of return. This becomes apparent in 
a comparison of rates of return based on cross sectional data with those 



*The only practical means of utilizing this approach is with the aid of a 
computer . 



computer . 

**Sylvia Barish, "Who Are Physicists? ¥nat Do They Do?" Physics Today , January, 

1966, pp. 70 "T^» 
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based on non-cross sectional data (see Table I 5 ). The rates of return to in- 
vestment in Ph.D.’s by type of employment are derived by means of the same 
procedure as set III of the internal rates of return described earlier. 



Before interpreting the rates of return set forth on Table 15; several 
of th?f deficiencies inherent in the calculations ough'*» to be reviewed. One 
of these refers to the fact tha.t all rates of return other than those based 
on Physics Today data are derived from so-called hypothetical earnings pro- 



files for terminal Bachelors and Ph.D.'s based on a uniform index of income 



growth for both groups. The hypothetical earnings profiles are based on the 
assumption that years of experience yield the same rate of growth of salary 
to Bachelors and to Ph.D.’s. The Physics Today data do not entirely support 
this assumption but indicate that application of a uniform income growth in- 
dex to both groups introduces an upward bias into the rates of return for 
Physicists. This leads one to suspect that the rates of return for the other 
disciplines may also be subject to some distortion. However, it does not 
follow that the distortion inherent in the rates of return for the other 
disciplines necessarily produces an upward bias, as it did in Physics. 
Conceivably the direction of the bias varies between disciplines. 



Another shortcoming relates to the last, open-ended interval, in the 
X 964 Register cross sectional salary statistics by years of experience, 
i.e., the interval of 20 or more years of experience- It is possible that 
years of experience during the late phase of working life, affect earnings 
of terminal Bachelors differently from those of Ph.D.’s. This is a pos- 
sibility but the insufficiency of information of lifetime salary patterns 
precludes the formulation of assumptions about the direction of this dif- 
ferential effect. 



Finally, the estimates contain the limitations of any results based on 
cross sectional data* Cross sectional data compiled in any given year are 
frequently used to construct earnings profiles. But lifetime earnings dif- 
ferences projected on the basis of these profiles may for a variety of rea- 
sons not truely represent the future salary growth of the two groups.* The 
income projections which underlie the rate of return estimates, are free from 
assumptions about the sharing of economic growth between terminal Bachelors 
and Ph.D.’s, and to the extent that future growth is not shared equally by 
these two groups, projections of the earnings differentials will be inac- 
curate . 




Due to data limitations the intradisciplinary comparisons of internal 
rotes of return by type of employment are restricted to two of the four dis- 
ciplines. With respect to these two disciplines. Physics and Zoology, it 



*See Herman P. Miller, "Lifetime Income and Economic Growth," The A merican 
Economic Re yiew , September, 19^5; PP* 83 ^* 8 ^+^ • 
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should be noted that the highest rate of return to Ph.D.'s by type of employ- 
ment does not correspond to employment with the highest salary level in the field. 
The highest rate of return is realized In the type of employment which reflects 
the largest net earnings differential between terminal Bachelors and Ph.D.’s, 
and this occurs in academic employment in both disciplines „ 



The internal rates of return by type of employment; although derived by 
means of the least refined calculation procedure, and .^ith the crudest form 
of earnings data, show that in both Fnysics and Zoology, the investment yields 
on a Ph.D. are highest in academic employment, next highest in industry and 
lowest in the federal government. The Physics Toda y data make possible a 
calculation of rates of return by types of employment for Physicists, based 
on cross sectional data. These rates of return depict the same relationship 
among the three types of employment as the rates based on the 1964 Register 
data, even though the more refined Physics Today data yield rates which are 
different in absolute values. These findings appear to indicate that relatively 
high salaries in industry and in the federal government can be achieved by 
means of inservice training and years of experience of the terminal Bachelor, 
with the result of a relatively small total salary differential between ter- 
minal Bachelors and Ph.D.’s. In comparison, a Ph.D. degree (for whatever rea- 
sons) seems to be a necessary condition for the attainment of relatively high 
salary levels in academic life. 



DISCUSSION OF THE FINDINGS 



Interpretation of the rates of return calculated in this study should be 
preceded by comparisons with previously calculated rates of return. Table 
l6 presents such rates as have been calculated for different levels of educa- 
tion. These rates may be summarized as follows: 



( 1 ) 



Even though there may be increasing rates of return over the 
initial years of schooling, the trend appears to be downward 
after completion of elementary education. 



( 2 ) 



The monetary return to society’s total investment in each level 
of education, 8^ measured^ is smaller than the private rate of 
return, though it is commonly assumed that the social rate of 
return (if it could be properly measured) is probably higher 
than the private rate. 



( 5 ) 



When regarding trends of rates of return over time, the rates 
appear to have risen for high school graduates, while they have 
fluctuated for college graduates. 
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TABLE 16 

COMPARATIVE RATES OP RETURN 






k 

I 



Private Rates of Return Social Rates of Return 



I. Elementary Educatiori (8 yr) 




I. Elementary Education (0 yr) 




Hansen: infinite rate of 


return 


Hansen: 15 *0^ 


( 1949 ) 


II. High School (U yr) 




II. High School (4 yr) 




Hansen; 15 *51^ 


( 1949 ) 


Hansen: 11.4^ 


( 1949 ) 


14.7^ (after tax) (1949) 






Becker: 16^^ 


( 1939 ) 






20$ 


( 1949 ) 






25 $ 


( 1956 ) 






2856 


( 1 ^ 98 ) 






III. College (4 yr) 




III. College (4 yr) 




Hansen: 11.6$ 


( 1949 ) 


Hansen: 10.2$ 


( 1949 ) 


10.1$ (after tax) (1949) 






Becker: 14.95& 


(l939) 


Becker: 1^.0$ 


( 1939 ) 


13.0^6 


( 1949 ) 


12.5^6 


( 1949 ) 


12.k$ 


( 1956 ) 






ih.y$ 


( 1958 ) 






Hunts 12. C$ 


(3-947) 






IV. Physicians and Dentists 




IV, Physicians and Dentists 




Hansen: Physicians 








15.5^6 


(1939) 






13.4^6 


( 1949 ) 






12.8$ 


( 1956 ) 






Dentists 










(1939) 






13.4^t 


( 1949 ) 






12.0f> 


( 3 . 956 ) 






V. Graduate Education (3“l/4 yr) 




V. Graduate Education (3-l/4 yr) 




Hunt: 2.2^ - 3*0^ 


( 1947 ) 







Sources: W. T,ee Hansen, "Total and Private Rates of Return to Investment in Schooling,” 

Journal of Political Ec^nomjr, April, 196$; Gary S. Becker, Human Capital . 0 £-. cit.; 
Shane J. Hunt, "Income Determinants for College Graduates and the Return to Educa- 
tional Investment," Yale University Economic Growth Center , Center Paper 3^, 
196 U; W. Lee Hansen, "Shortages and Investment in Health Manpower," Proceedings of 
the Conference on tte Economics of Health and Medical Care , The University of 
Michigan, Ann Arbor, Michigan, 19^* 
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(4) Private rates of retui*n for post-Bechelor education in the case of 
Physicians and Dentists exceed the rate of return to college eduoa- 
tion, though internal rates of return to both Physicians and Dentists 
were lower in I 956 than they were in 1959. 

( 5 ) The private internal rate of return calculated for 5-1 A years of 
graduate education on the basis of 19^7 earnings data is remarkably 
low relative to the private rate of return to investment in a college 

education . 

In the context of previous rate of return estimates, the rates of return de- 
veloped in this study seem to fit roughly into the general pattern of educa- 
tional investment yields. Conceptually, the rates here reported correspond 
to Hansen' s "total rates of return" and in view of the downward trend of the 
rates over successive levels of education, one voul.d be inclined to predict 
lower yields to the investment in Ph.D.’s than corresponding yields for col- 
lege graduates. In comparison to Hansen's 10. 2^ return to college education, 
the most reliable version of our rates for graduate education (set II) ranges 
from 0.1^ - 8.0^ for the four disciplines. However, the wide discrepancy be- 
tween rates for Physics and Zoology on the one hand, and for Sociology and 
English on the other, calls for clarification. 

We will now turn to a brief discussion of the data, the computation pro- 
cedures, the underlying assumptions and necessary qualifications. An attempt 
will be made to assess the source and direction of possible biases, and to 
make explicit all the assumptions which are implied by the presented rate of 

return estimates. 



The validity of the estimates must be considered with respect to validity 
of the date and calculation procedures. First, I will specify those factors 
which are relevant to but neve: theless omitted from the rate of return analysis 
Next I will examine what rates of return can measure given the availability 
of ideal data. And finally the presented results will be evaluated, partly 
in relation to a set of explicitly stated value judgments. 

One of the most serious shortcomings of the findings presented in this 
chapter results from the very fundamental assumption that differentials in 
monetary earnings of individuals adequately express the differential effect 
of resioective individuals on national income. Although it is reasonable to 
expect a certain amount of corre.laticn between relative contributions to 
society and relative monetary rewards there are several areas of discrep- 
ancy between these two factors that may be outlined. The two major sources 
of this divergence constitute the presence of psychic or non-pecuniary income 
and the existence of so-called neighborhood effects or externalities. Psychic 
income end monetary income appear to be inversely related in competitive labor 
markets becvsuse whenever non-pecuniary income varies between occupations or 
between different levels of work within an occupation compensating variation 
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wuld enter into the pattern of money incomes. It is generally argued that 
the psychic income vhich Ph.D.’s derive from their vorh is extremely high and 
relates to such factors as challenging work, social purpose, freedom, and 
security of employment. Even when labor markets are perfect, individuals may 
willingly work for monetary compensation below their marginal productivity, 
because the sum of psychic and monetary income, rather than monetary income 
alone, is the object of maximizing behavior. Cleaily psychic income must be 
considered a return on educational iir/estment both on the private and on the 
social level. The rates of return here presented are of limited meaning even 
in a relative sense unless it can be assumed that psychic income is realized 
in equal magnitude by Ph.D.’s in the four disciplines. At present this type 
of an assumption is deplete of a factual basis as psychic income has remained 
in the category of the unmeasurables . Granted that there is no simple method 
of measuring psychic income directly, the desire for further refinement of the 
rate of return analysis should create incentive for developing indirect es- 
timates of relative psychic incomes associated with types and levels of educa- 
tion. 

Moreover, existence of discrepancies between the value of an individual's 
contribution to direct private output and the value of his total and partly 
indirect contribution to national income further weakens the assumption that 
a men’s income effectively measures his contribution to society. If the hir- 
ing of individuals with educational degrees is motivated primarily by con- 
spicuous consumption of the employer, the earnings of such individuals may 
overestimate their productivity. More commonly it is assumed .however, that^ 
earnings of Ph.D.’s are likely to understate their contribution to society. 
Presumably Ph.D.’s are not fully compensated for the by-products of their 
contribution to the advancement and diffusion of knowledge. The rate of re- 
turn estimates of this study are here presented as social rates of return be- 
cause they are calculated with respect to before-tax earnings differentials, 
and tax payments ^re considered to partially reflect the indJ-ect contribution 
of individuals to society. Becker refers to such estimates as first approxima- 
tions to social returns and proceeds to develop upper limits for social returns 








..Tthe individuals engaged in advancing knowledge acquire skills and per- 
spectives that greatly transcend the sum of the information appearing in 
their publications. The contribution of a Fermi or a Von Heumann to our 
society is far greater than that of the bound volumes of their .collected 
works or even then their influence on their student«. A great scientisu 
becomes a teacher of his whole culture. The people who devote most of their 
lives to research become a national human resource, available in emergencies 
to turn their attention to many problems outside their own immediate fields 

of interest.” ^ « 4 

Harvey Brooks, ’’Future Heeds for the Support of Basic Research, in ^ic 
Research and National Goals . A Report to the Committee on Science and Astro- 
nautics, U.S. House of Representatives, by the National Academy of Sciences, 

March 19^’? j PP* 91-92 • 
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■fay attributing all of the residual factor in economic grovth, vhich . Denison 
calls ’’advancement in knowledge, to education.* 

Since this study focuses on relative rates of return to graduate education 
in four disciplines, no attempt was made to adjust the social rates of return 
for indirect contributions which presumably are made by Ph.D.’s to the advance- 
ment in knowledge. Indirect returns tb date have also rediained ih the category 
of 'lonmeasurables, and it is therefore difficult to distribute shares in the 
general advancement of knowledge, first between individuals with Bachelor and 
Doctoral degrees and secondly between Ph.D.'s in different disciplines, l^ether 
a method for allocating these shares will be developed in the future remains 

to be seen. 

Having acknowledged the existence of two important unmeasurables, a ques- 
tion. arises as to what rates of return are capable of measuring given the 
availability of perfect data on measurable factors. Under certain conditions 
internal social rates of return can measure the relative monetary value which 
the market places on different types and levels of education, as derived from 
relative money values attached to particular productive services, for which 
the education is a prerequisite. The conditions mentioned above include the 
following; first, that a given level or type of education is always required 
for and utilized in the productive services performed by the person who e^odies 
the education. It is not reasonable to expect that the earnings of an indivi- 
dual who has a Ph.D. degree in Chemistry and who is employed as a cook, will 
reflect the market value of his graduate education in Chemistry, ^conaly, 
the condition that the earnings differentials on which the rates of ret’^n are 
based refer to two groups, identical in intelligence, motivation, length of 
the workweek, etc., who are in the same profession and differ only in one re- 
spect, namely that one has a Bachelor degree, 0 years of post-Bachelor 
education, and 0 or X years of on the job training, and the other has a Ph.D. 
degree, 0 years of post-doctoral education, and the same number of years of on 
the job training as the Bachelor. In the absence of detailed knowledge about 
the data used it is conceivable that X, an English major with a B.A. degree, 
takes a job which entails productive services that are in no way comparable 
to the productive services performed by Y, who has a Ph.D. degree in Englis 
and a job totally different from that of X. If the earnings differentials 
used in the calcua.ations are based on X’ o and Y' s the rates of return wixl 
be distorted. And thirdly, the condition that labor markets in which the 
earnings differentials are determined are perfectly competitive. 

The current form and nature of earnings data do not make possible the 
derivation of salary differentials of two carefully circumscribed groups 
differing only in amounts of formal, educational attainment. However, in 
view of the forever increasing demand for knowledge about knowledge, the 



“^Gary S. Becker, o£. ci^., pp. 118-119. 
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chances are good that a sizable amount of effort will be devoted to develop- 
ment of better data on salaries and salary patterns relative to education. 



Finally, I will turn to the major biases believed to be inherent in the 
rate of return estimates, and suggest my own impression of the directions 
and magnitudes of these biases. In ray opinion there are two types of features 
making for upward and four making for downward bias. On the assumption that 
on the average individuals with Ki.D. degrees are more intelligent, more highly 
motivated, have more stamina and greater soci.al endowment, than terminal 
Bachelors on the average, the rates of return have an upward bias. This bias 
is apt to be relatively small.* If Ph.D.’s in the four disciplines work more 
hours per week than do terminal Bachelors in same disciplines (the faculty 
workweek data indicate an average of 5^-56 hours per week for those in academic 
employment) the rates are biased in the upward direction. Even without work- 
week data on terminal Bachelors I am willing to assume that such a differentxal 
in workweek may exist but its magnitude is probably quite moderate. The factors 
which make for downward biases include (a) the unmeasured external effects, 

(b) the unmeasiired psychic incomes, (c) the lack of information on in-service 
training of terminal Bachelors and on the substitutsDiiity between formal 
graduate training and in-service training, and (d) possible lack of compar- 
ability between groups on which the earnings differentials are based. It 
is my impression that (a), (b), and (c) are responsible for relatively large 
down\erd biases in the rates of return whereas (d) may introduce a bias of 
moderate size. In summary, there are two features making for moderate up- 
ward biases and four features making for relatively large downward biases and 
therefore, it is more than likely that the rates here presented significantly 
underestimate the investment yields to society which result from graduate 
education. 



Finally it should be mentioned that the rates of return for Sociology 
and English are particularly tenuous because the salary data underlying the 
returns for those disciplines call for special qualification. Salary data 
for the above two disciplines ere based on much smaller samples than those 
of the natural Sciences and also relative to Physicists and Zoologists a 
much higher percentage of professionals in Sociology and English enter the 
low-salaried teaching proifession. The average difference in median annual 
salaries of Bachelors and Ph.D.’s in Sociology and English, as shown on 
Table 15 is considerably below that for Physicists and Zoologists. However, 
it cannot be stated conclusively whether or not the above-mentioned factors 
completely account for the sizable difference in rates of return to graduate 
education between the natural Sciences and Sociology and English. 



*Shane Hunt found that rates of return to graduate education, when controlled 
for other income determinants, changed very little, Shane J. Hunt, 0£. cit., 

p. 55^^. 
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CHAPTER VII 



SUMMARY AND IMPLICATIONS 



During the last two decades, our society has developed mounting awareness 
of the fact that its position in world leadership as well as its culwal, 
economic, technological, and other achievements are increasingly dependent on 
highly trained manpower and on the encouragement of science and basic research. 
This awareness has been reflected in a continuously growing demand and height- 
ened competition for individuals with high levels of educational attainment 
as well as in steady growth of the proportion of resources allocated to research 
and other forms of knowledge production. Considerable attention has recently 
been focused on the subject of scientific and highly specialized manpower and 
on the educational setting in which the highly demanded skills are developed. 

In this context universities have become recognized as major establishments 
in the production and distribution of knowledge by way of training and employ- 
ing teachers, researchers, and professionals. 

Widespread recognition of the crucial importance of the knowledge in- 
dustry and of the high-level manpower base on which its continued expansion 
depends has brought into focus the inordinate lack of information on one of 
the major enterprises in knowledge production, the graduate school. While 
projections of graduate student enrollments suggest a rate of future expansion 
which exceeds that for undergraduate enrollments,* and while there is no doubt 
about the growing volume of aggregate expenditures on graduate education, and 
no hesitance on the part of undergraduate institutions to continuously add to 
the nuniber of existing programs at the master' s and doctoral level, there is 
less information about graduate education than about most other aspects of 
the educational system. Statistics on numbers and distribution of currently 
enrolled graduate students, and on numbers and distribution of graduate de- 
grees awarded appear with an excessive time lag, while the former do not ad- 
equately cover such details as the distinction between full-time and part- 
time students; information on capacity for expansion of existing graduate 
programs, with respect to physical facilities and availability of graduate 
faculty is very scarce, and even information on the volume of financial 
support and university, part-time employment opportunities available for 
graduate students is extremely limited.** 

*Allan mT Cart ter and Robert Farrell, "Higher Education in the Last Third 
of the Century," The Educational Record , Spring 196^), p. 124. 

**Such studies as John L. Chase's Doctoral Study , Fellowships and Capacity 
of Graduate Schools, U.S. Office of Education, Washington, 1961 , and J. A. 
Davis, Stipends and Spouses, University of Chicago Press, 19 ^ 2 , are important 
contributions but are by now largely outdated. 
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